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Foreword 

The advent o f  man's encounter  w i t h  space f l i g h t  and t h e  problem of  weight lessness  
has s t imula ted  a renewed i n t e r e s t  i n  t he  physiology o f  d i s u s e ,  A i r c r a f t  f l y i n g  
Kepler ian parabolas  have probably provided t h e  g r e a t e s t  q u a n t i t y  of  d a t a  regard ing  
t h e  b i o l o g i c a l  e f f e c t s  of  weight lessness .  However, t h e s e  d a t a  r e p r e s e n t  extremely 
shor t  experimental  per iods  of  15 - 45 seconds. Although some d a t a  have been c o l l e c t e d  
on t h e  a s t r o n a u t s  involved i n  recent manned space f l i g h t ,  t h e  present  s t a t e  of  knowledge 
concerning normal anatomical  and f u n c t i o n a l  response t o  prolonged space f l i g h t ,  per s e ,  
i s  n e g l i g i b l e  (hlcCally and Gravel ine ,  1963). 

Since i t  i s  v i r t u a l l y  imposs ib le  t o  s imula te  an a g r a v i t y  environment i n  an e a r t h -  
bound l a b o r a t o r y ,  two analogous methods have been employed f o r  t h e  i n v e s t i g a t i o n  o f  
the  a g r a v i t a t i o n a l  s t a t e ,  v i z . ,  bed rest and water  immersion. Data c o l l e c t e d  i n  e a r l i e r  
s t u d i e s  u t i l i z i n g  t h e  above ana logies  a r e  being r e i n v e s t i g a t e d  and e x t r a p o l a t e d  with 
r e f e r e n c e  t o  the w e i g h t l e s s  s t a t e .  
prolonged weight lessness  w i l l  have a decondi t ion ing  e f f e c t .  
magnitude of  t h i s  decondi t ion ing  remains only  p a r t i a l l y  answered. 

The i n t e r p r e t a t i o n  of  t h e s e  d a t a  sugges ts  t h a t  
The exact  e t i o l o g y  and 

The present  i n v e s t i g a t i o n  developed a s  a n a t u r a l  o u t g r o w  h o f  an e a r l i e r  coopera t ive  
s tudy completed a t  t h e  Ames Research Center, C a l i f o r n i a ,  wi th  Dr. John Greenleaf .  The 
primary ques t ion  cancerns t h a t  of water  balance,  o r  more s p e c i f i c a l l y ,  the  apparent  
tendency of  a s t r o n a u t s  t o  become hypohydrated (average  3.34% l o s s  o f  body weight )  
fo l lowing  a s h o r t  per iod  i n  t he  w e i y h t l e s s  s t a t e  (Webb, 1967).  Any ques t ion  of water  
balance n e c e s s a r i l y  involves  t h e  s tudy  o f  the  complex i n t e r a c t i o n  of  a number of  major 
phys io logica l  systems. Consequently,  t h e  present  i n v e s t i y a t  ion included o b s e r v a t i o n s  
on body f l u i d  compartments, r e n a l  f u n c t i o n ,  water  and e l e c t r o l y t e  exchange, and 
metabol ic  changes. 

Bed r e s t  was s e l e c t e d  a s  t h e  experimental  analog t o  s i m u l a t e  t h e  weight less  s t a t e .  
I n  recumbency t h e  h y d r o s t a t i c  p r e s s u r e  e f f e c t  on  t h e  body f l u i d  i s  reduced t o  one- 
seventh t h a t  of  s t a n d i n g  e r e c t  (McCally and Lawton, 1963). Under t h e s e  c o n d i t i o n s ,  
t h e  c i r c u l a t o r y  system approaches a f u n c t i o n a l  a g r a v i t y  s t a t e .  I n  a d d i t i o n ,  t h e r e  i s  
a r e d i s t r i b u t i o n  of  body f l u i d s  between t h e  anatomical compartments, decreased demands 
f o r  musculo-skeletal  a c t i v i t y ,  decreased  metabol ic  r a t e  and catabol ism.  

Three b a s i c  ques t ions  a r e  r a i s e d  i n  t h e  p resent  i n v e s t i g a t i o n :  
1, To what e x t e n t  does recumbency a l t e r  t he  anatomical body f l u i d  compartments, 

2. W i l l  dynamic e x e r c i s e  performed w h i l e  i n  t h e  recumbent pos ture  a t t e n u a t e  

3. TO what e x t e n t  a r e  t h e  procedures  employed i n  t h e  present  i n v e s t i g a t i o n  

r e n a l  f u n c t i o n ,  water  and e l e c t r o l y t e  exchange and metabolism? 

t h e  e f f e c t s  o f  recumbency? 

a p p l i c a b l e  t o  t h e  onboard s i t u a t i o n ,  i .e . ,  how p r a c t i c a l  and how r e p e a t a b l e  
a r e  t h e  procedures? 

The hypothes is  posed a t  t h e  onset o f  t h i s  i n v e s t i g a t i o n  was that. prolonged 
recumbency produces a decondi t ion ing  o f  certain homeostat ic  and a d a p t i v e  responses  t o  
o r t h o s t a t i c  changes. It  was supposed t h a t  d u r i n g  recumbency t h e  l ack  of  normal 
g r a v i t a t i o n a l  s t i m u l i  t o  r e g u l a t o r y  systems r e s u l t e d  i n  r e l a x a t i o n  t o  t h e  e x t e n t  of  
an impaired a b i l i t y  t o  maintain t h e s e  homeostat ic  systems i n  t he i r  proper  balance.  
Exerc is ing  on a b i c y c l e  ergometer resembles an o r t h o s t a t i c  change i n  t h a t  a r e d i s t r i -  
bu t ion  o f  blood volume from t h e  c e n t r a l  c i r c u l a t o r y  system t o  t h e  l e g  muscles occurs  
when e x e r c i s e  i s  i n i t i a t e d .  I n  t h i s  s tudy ,  an ergometer was used i n  two d a i l y  bouts  
of  e x e r c i s e  wi th  s u b j e c t s  i n  t h e  h o r i z o n t a l  p o s i t i o n .  The e f f i c a c y  o f  t h i s  v a r i a b l e  
was assessed  by comparing the  changes i n  body f l u i d  and r e l a t e d  r e g u l a t o r y  systems 
t h a t  occur red  i n  non-exercis ing,  recumbent s u b j e c t s  with s u b j e c t s  who performed t h e  
d a i l y  bouts  of  e x e r c i s e  d u r i n g  the  per iod  of  recumbency. 
dynamic e x e r c i s e  would cause  an a t t e n u a t i o n  of  t h e  d i s u s e  e f f e c t  o f  recumbency. 

I t  was a n t i c i p a t e d  t h a t  such 
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PART I 

EXPERIMENTAL DESIGN 

Ten hea l thy  young c o l l e g e  males p n r t i c i p a t e d  i n  a 27 day experiment dur ing  t h e  
summer o f  1967. 
(pre-bed r e s t ) ,  a nine and one-half  day per iod  of  bed r e s t ,  and a seven day per iod 
of recovery (post-bed res t )  ( r e f e r  t o  f low c h a r t ,  Appendix I). 

The experiment included a 10 day per iod of  d i e t a r y  e q u i l i b r a t i o n  

During t h e  e q u i l i b r a t i o n  per iod ,  the s u b j e c t s  were placed on a c o n t r o l l e d  d i e t a r y  
regimen of known c a l o r i c ,  e l e c t r o l y t e  and water  c o n t e n t ,  whi le  a l l  experimental  measure- 
ments were inade s e r i a l l y  t o  e s t a b l i s h  b a s e l i n e  values .  
t o  cont inue  t h e i r  r e s p e c t i v e  d a i l y  r o u t i n e s  dur ing  t h i s  per iod ,  a d a i l y  a c t i v i t y  l o g  was 
kept by a l l  s u b j e c t s .  The a c t i v i t y - r e s t  p a t t e r n  o f  a l l  but one subjec t  was observed 
t o  be q u i t e  t y p i c a l  f o r  young men. 

S ince  t h e  s u b j e c t s  were permit ted 

The s u b j e c t s  assumed t h e  recumbent p o s i t i o n  without phys ica l  res t ra ints  d J r i n g  
t h e  fo l lowing  n i n e  and one-half  days ,  and cont inued a l l  v i t a l  a c t i v i t i e s ,  inc luding  
e a t i n g  and e l i m i n a t i o n  i n  t h e  h o r i z o n t a l  p o s i t i o n .  The d i e t a r y  regimen i n i t i a t e d  
dur ing  t h e  e q u i l i b r a t i o n  per iod was cont inued throughout t h e  bed rest per iod ,  but was 
modified with r e f e r e n c e  t o  c a l o r i c ,  e l e c t r o l y t e  and water  conten t  i n  o r d e r  t o  maintain 
a net ba lance  under t h e  a l t e r e d  metabol ic  demands o f  recumbency. The s u b j e c t s  were 
monitored around t h e  clock d u r i n g  t h e  bed rest per iod ,  wi th  a l l  necessary t r a n s p o r t a t i o n  
o f  s u b j e c t s  done on  a h o s p i t a l  guerney. Following a s tandard series o f  t e s t s  on t h e  
morning o f  the  20th day, t h e  s u b j e c t s  resumed t h e i r  normal pre-bed rest ambulatory 
a c t i v i t y  p a t t e r n .  During t h i s  seven day recovery per iod ,  they were allowed t o  e a t  and 
d r i n k  ad l i b i t u m ,  but were r e q u i r e d  t o  maintain a d e t a i l e d  l o g  o f  a l l  a c t i v i t y  and 
f l u i d  and food in take .  

A t  the beginning o f  t he  experiment ,  t h e  10 s u b j e c t s  were subdivided i n t o  three 
groups and ass igned  coded i d e n t i f i c a t i o n  numbers f o r  e a s e  of  experimental  sample 
i d e n t i f i c a t i o n  and subsequent s t a t i s t i c a l  t rea tment .  Four s u b j e c t s  served a s  "exerc ise"  
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s u b j e c t s  (1, 31 5 ,  and 7 )  dur ing  the bed rest pe r iod ,  wh i l e  f o u r  o t h e r s  served a s  
i n t e r n a l  c o n t r o l s ,  o r  "non-exercisers" (2, 4,  6 ,  and 8). The remaining two s u b j e c t s ,  
e x t e r n a l  c o n t r o l s  (10 and 121, cont inued t h e i r  normal ambulatory a c t i v i t y  p a t t e r n  
throughout the 27 experiment a1 days,  

schedule  covering a per iod o f  49 days was employed w i t h i n  the framework o f  t h e  
experimental  design.  Sub jec t s  began the experiment i n  f o u r  s e p a r a t e  subgroups a s  
fol lows:  1 and 2 ;  3, 4, and 10; 5 and 6; and 7, 8, and 12 (see Appendix I ) .  Three 
days in t e rvened  between i n i t i a t i o n  o f  the experimental  p ro toco l  f o r  the f i r s t  two 
subgroups,  and 19 days between the  second and t h i r d  subgroups,  w h i l e  t h e  f o u r t h  sub- 
group began three days a f t e r  the t h i r d .  The  three day spacing helped f a c i l i t a t e  the 
d i e t a r y  p r e p a r a t i o n ,  which was planned on a three day c y c l i c  b a s i s ,  
spacing permit ted t h e  f i r s t  two subgroups t o  complete t h e i r  bed rest per iod b e f o r e  t he  
t h i r d  subgroup began. 
the  o u t l i n e d  experimental  des ign  and p ro toco l  f o r  a l l  f o u r  subgroups, 

B io log ica l  samples were c o l l e c t e d  s e r i a l l y  on des igna ted  days o f  the experiment 
a s  o u t l i n e d  i n  the  experimental  f low c h a r t ,  Appendix I.  Twenty-fow hour pooled urine 
samples were i n i t i a t e d  a t  0700 immediately a f t e r  t h e  s u b j e c t s  awakened. Basal blood 
samples were r o u t i n e l y  drawn a t  t he  end o f  the 24 hour urine c o l l e c t i o n  pe r iod ,  while 
a series o f  r e n a l  f u n c t i o n  t e s t s  were a l s o  completed a t  th i s  time. Twenty-four hour 
pooled urine samples were not c o l l e c t e d  on days of r e n a l  func t ion  t e s t i n g  because o f  
the d i s t o r t i o n  of normal r e n a l  physiology caused by t h e  s t anda rd ized  water  load of 1.3 
l i t e rs  given the s u b j e c t s  p r i o r  t o  these tests.  A series o f  p i l o t  s t u d i e s  e s t a b l i s h e d  
the  v a l i d i t y  o f  the procedures  employed i n  the c u r r e n t  i n v e s t i g a t i o n ,  v i z . ,  t h a t  i f  the 
r e n a l  t e s t s  were completed i n  t h e  morning, normal phys io log ica l  va lues  were ob ta ined  24 
hours l a t e r ,  The re fo re ,  i t  was assumed i n  t h i s  i n v e s t i g a t i o n  t h a t  the 24 hour pooled 
urine o f  the day fol lowing a r e n a l  test  procedure was normal, since the c o l l e c t i o n s  
began on the morning o f  the day fo l lowing  the l a r g e  d i u r e s i s  produced by the water  load. 

the  27 day experimental  pe r iod  was l i m i t e d  t o  a l a r g e  extent by t h e  number of veni- 
punctures  t h a t  the s u b j e c t s '  v e i n s  could t o l e r a t e .  I n  a d d i t i o n ,  a gradual  d e c r e a s e  
i n  the s u b j e c t s '  t o l e r a n c e  f o r  the tes t  was observed. The procedures involved i n  the 
r e n a l  f u n c t i o n  tes ts  r e q u i r e d  t h e  i n s e r t i o n  o f  two needles:  (1) an 18 gauge, 1& inch 
c a t h e t e r ,  and ( 2 )  a 20 gauge, 1 inch hypodermic needle ,  S i x  r e n a l  func t ion  tes ts  and 
three a d d i t i o n a l  venipunctures  were thought t o  be t h e  maximum a l lowab le  trauma t o  the 
veins d u r i n g  t h e  27 day pe r iod ,  The r e n a l  f u n c t i o n  tes t s  were performed once before ,  
three times d u r i n g  and tw ice  a f t e r  bed rest. In a d d i t i o n ,  du r ing  t h e  p i l o t  s t u d i e s ,  
a s i n g l e  test  was run on seven of t h e e i g h t  bed rest s u b j e c t s .  

wredrawn f o r  a n a l y s i s  of blood c o n s t i t u e n t s ,  The six samples drawn on renal func t ion  
days corresponded with t h e  p rev ious  days 24 hour pooled c o l l e c t i o n  o f  urine specimens, 
These a l s o  served a s  b a s a l  va lues  f o r  pos t - exe rc i se  de t e rmina t ions ,  The t h r e e  blood 
samples t h a t  were not drawn on r ena l  func t ion  test  days corresponded t o  the  beginning 
o f  the 24 hour pooled urine c o l l e c t i o n  pe r iod ,  

During t h e  nine day pe r iod  o f  recumbency, f o u r  s u b j e c t s  exercised twice d a i l y ,  
I n  o r d e r  t o  s tudy  t h e  effects o f  t h i s  exercise, r e n a l  func t ion  tests were designed 
t o  i n c l u d e  r e s t i n g ,  exercise, and pos t - exe rc i se  pe r iods  o f  sample c o l l e c t i o n .  Hence, 
the exercise s u b j e c t s  completed one o f  t h e i r  31) minute d a i l y  e x e r c i s e  bouts  du r ing  t h e  
tes t .  I n  a d d i t i o n ,  the c o n t r o l  s u b j e c t s  completed this bout o f  e x e r c i s e  on day 10 o f  
the pre-bed rest and on day 21 and 27 o f  t h e  post-bed rest per iods.  

A l l  measurements made on experimental  day 20 served t o  i n d i c a t e  t e rmina l  bed rest 
va lues ,  Of n e c e s s i t y ,  some o f  t h e  measurements, v i z . ,  K40, l ean  body mass, s t r e n g t h ,  
and the p r e s c r i b e d  anthropometr ic  measurements, were obtained a f t e r  the s u b j e c t s  assumed 
the upr igh t  posture .  However, these d a t a  were c o l l e c t e d  i n  t h e  pos t - abso rp t ive  s t a t e  
immediately a f t e r  ambulation began. 

To avoid ove r t ax ing  f a c i l i t y ,  equipment and l a b o r a t o r y  suppor t ,  a s taggered time 

The 19 day 

The s taggered time schedule  permit ted uniform treatment  w i t h i n  

The number o f  r e n a l  f u n c t i o n  t e s t s  performed on each s u b j e c t  du r ing  t h e  course of 

A t o t a l  o f  nine blood samples spaced ihroughout the three experimental  pe r iods  
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As p rev ious ly  mentioned, t h i s  i n v e s t i g a t i o n  was designed t o  a s c e r t a i n  the inter- 
r e l a t i o n  o f  s eve ra l  phys io log ica l  systems, t h u s  n e c e s s i t a t i n g  t h e  measurement of many 
parameters.  
va r ious  phys io log ica l  systems t o  which  they a r e  r e l a t e d  and a r e  r epor t ed  and d i scussed  
i n  an o r d e r  c o n s i s t e n t  w i t h  t h e  o u t l i n e  given below. 

For e a s e  of d i s c u s s i o n ,  these parameters have been organized by t h e  

O u t l i n e  o f  Experimental Parameters 

I .  F lu id  Exchange and Related Parameters 
A. F l u i d  Gain (m1/24 hour)  

1. F lu id  consumption c o n t r o l l e d :  Days 1-19 
2. F lu id  consumption & l i b i t u m :  Days 20-26 

1. Urine e x c r e t i o n  (m1/24 hour)  
2. 

B. F lu id  Loss 

24 hour e v a p o r a t i v e  water  l o s s  (gms/24 hour)  
a.  
b. Day I n s e n s i b l e  Water Loss (IWL): Days 11-19 (gms/hr) 
c. Act ive p e r s p i r a t i o n  (gms/hr) 

a. Day r a t e  0700-2300 
b. Night r a t e  2300-0700 
c .  Diuresis r a t e  du r ing  r e n a l  func t ion  t es t s :  Days 10,12,15,  

Night I n s e n s i b l e  Water Loss (IWL) (gms/hour) 

3. U r i n e  flow r a t e  

C. Body Weight 
1. Morning (0700) 
2. Night (2390) 

1. Frequency 
2. Weight du r ing  bed rest 

Body F lu id  Volumes and Blood Chemistry 
A. T o t a l  Body Water: T r i t i a t e d  Water ( l i t e r s )  
B. RISA Blood Volume ( l i t e r s )  

D. Fecal Production w i t h  Low Residue Diets: Days 1-19 

11. 

1. Plasma volume 
2. Hematocrit (%I 

1. E l e c t r o l y t e  
C. Blood Chemistry 

a. Sodium (mEq/L) 
b. Potassium (mEq/L) 
c .  Chloride (mEq/L) 

2. Osmolal i ty  (mOsm/L) 
3. C r e a t i n i n e  (mg%) 

1. Renal plasma f low ( m l / m i n )  
2. Glomerular f i l t r a t i o n  r a t e  ( m l / m i n )  

111. Renal Function 
A. Renal Clearance 

a. C r e a t i n i n e  
b. I n u l i n  

B. Urine Composition 
1. E l e c t r o l y t e s  

a. Sodium 
1) concen t r a t ion  (mEq/L) 
2 )  ou tpd t  p e r  day (mEq/day) 
3) r a t e  pe r  day (pEq/min) 

1) concen t r a t ion  (mEq/L) 
2 )  ou tpu t  por day (mEq/day) 
3) r a t e  per day (pEq/min) 

1) concen t r a t ion  (mEq/L) 
2 )  ou tpu t  p e r  day (mEq/day) 
3)  r a t e  per day (mEq/min) 

b. Potassium 

c. Chlor ide 

19,21,27 
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2. Osmolality 
a. mOsm/L 
b. mOsm/day 

a. mg/100ml 
b. gms per day 

3. Aldosterone concentration (,~~gms/24 hour) 
4 .  Creatinine 

IV. Metabolic Measurements 
A, Caloric Intake Control (calories) 
B. Electrolyte h!etabolism (mEq) 

1. Sodium 
2. Potassium 
3. Chloride 

1. Basal metabolism 
C. Respiratory Metabolism 

a. Ventilation (L/min) 
b. Respiratory rate/min 
c. True oxygen (%I  
d. Respiratory quotient 
e. 

a. Ventilation/min 
b. Respiratory rate/min 
c .  True oxygen (%I 
d. Respiratory quotient 
e. 

V. Anthropsmetric Measurements 
A. Body Composition 

Oxygen consumed (ml/min and ml/kg/min) 
2. Resting metabolism 

Oxygen consumed (ml/min and ml/kg/min) 

1. K40 (total body count in gms of potassium) 
2, Body fat (as % of body weight) 
3. Lean body mass (kg) 

a. Densitometry by immersion 
b. Skinfolds 

B. Body Circumferences (cm) 
1. Calf 
2. Thigh 
3. 
4, Chest 
5. Waist 

C. Muscle Strengths 
1. Hand grip (kg) 
2. Knee extension (kg) 
3. Plantar flexion (kg) 

D. Respiratory Volumes 
1. Vital capacity 
2. Residual lung volume 

VI. Physiological Response to Exercise 

Upper arm (relaxed and contracted) 

A. Renal Function 
1. Renal plasma flow (ml/min) 

a. Pre-exercise 
b. Exercise 
c .  Post-exercise 

a. Pre-exercise 
b. Post-exercise 

a. Sodium 

2. Glomerular filtration rate (creatinine) (rnl/min) 

3. Electrolyte excretion rate (pEq/min) 

1) pre-exercise 
2) post-exercise 

1) pre-exercise 
2) post-exercise 

b. Potassium 
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c .  Chloride 
1) pre-exercise 
2 )  post-exercise 

4. Osmolality 
a, Serum osmolality 

1 1 pre-exerci se 
2)  post-exercise 

b. Urinary osmolality 
1 )  pre-exercise 
2 )  post-exercise 

1. First 10 minutes of  30 minute bout 
8. Respiratory Metabolism 

a. Ventilation/min 
b. Respiratory rate/min 
c. True oxygen (%I 
d.  Respiratory quotient 
e. Oxygen consumed (L/min) 

a. Ventilation (L/min) 
b. Respiratory rate/min 

d. Respiratory quotient 
e. Oxygen consumed (L/min) 

3. Third 10 minutes of 30 minute bout 
a. Ventilation (L/min) 
b. Respiratory rate/min 
c .  True oxygen (%I 
d. Respiratory quotient 
e. Oxygen consumed (L/min) 

2. Second 10 .ninutes o f  30 minute bout 

, c .  True oxygen (%I 

C. Heart Rate during Exercise 
1. Pre-exerci se 
2. Exercise - 10 min 
3. Exercise - 20 min 
4 .  Exercise - 30 min 
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Appendix I :  Calendar o f  Experimental Procedures  

To permit an optimum of  time and energy both dur ing  t h e  experimental  per iod and 
f o r  the  subsequent a n a l y t i c a l  procedures  t h e  s u b j e c t s  w i l l  begin t h e  experiment i n  p a i r s :  
one e x e r c i s e  and one non-exercise  sub jec t  per  pa i r .  

The experiment has  three major subd iv i s ions  i n  t ime and cond i t ion :  a )  e q u i l i b r a t i o n  
o r  d i e t a r y  c o n t r o l ,  b )  recumbent bed r e s t ,  e x e r c i s e  o r  non-exercise ,  and c )  post recumbent 
bed rest .  T h e  pa i r ed  s u b j e c t s ' t i m e  schedule  f o r  the  above per iods  a r e  a s  fo l lows:  

E q u i l i b r a t i o n  Bed Rest -- --- Recovery 

A Subjec ts  1 , 2  June 25 - 5 J u l y  6 - 14 J u l y  15 - 22 J u l y  
R Sub jec t s  3 ,4  and 10 J u n e  29 - 8 J u l y  9 - 17 J u l y  18 - 25 J u l y  
C Sub jec t s  5.6 J u l y  16  - 25 J u l y  26 - 4 August 5 - 11 August 
D Sub jec t s  7 , 8  and 12  J u l y  19 - 28 J u l y  29 - 7 August 8 - 11 August 

Sample Co l l ec t  ion  and Subject  R e s p o n s i b i l i t i e s  

Day 0: 
1: 

2-3 : 
4: 
5: 

6-8 : 
9: 

10: 
11: 
12  : 
13: 
14 : 
1 5  : 
16 : 
17:  
18: 
19 : 
20: 

21 : 
22 : 
23 : 

24-25 : 
26 : 
27 : 

Sub jec t s  r epor t  t o  Heal th  Center a t  9:OO p.m. 
Basal blood, BMR, begin c o n t r o l l e d  d i e t ,  24-hour urine sample 
Sub jec t s  con t inue  d a i l y  a c t i v i t i e s  
Sub jec t s  r epor t  a t  9:OO p.m., r e s t i n g  metabolism 
Basal blood, BMR, 24-hour u r i n e  sample 
Continue d a i l y  a c t i v i t i e s  
LBM, anthropometr ic  measurements, 24-hour u r i n e  sample, r e s t i n g  metabolism 
BMR, r ena l  func t ion  t e s t s ,  blood volume, t o t a l  body water  and t o t a l  body potassium 
Red rest  begins ,  BMR, 24-hour u r i n e  sample 
BMR, r ena l  func t ion  tes t s ,  blood volume 
BN R 
BNIR, 24-hour u r i n e  sample 
BMR, r ena l  func t ion  tes t s ,  blood volume 
BMR, 24-hour u r i n e  sample 
BMR 
BMR, 24-hour ur ine sample 
BMR, r e n a l  func t ion  t es t  
BMR, s u b j e c t s  resume ambulatory a c t i v i t i e s ,  food and beverages a& l ib i tum,  LBM, 
24-hour u r i n e  sample, r e p o r t  a t  9:OO p.m,, r e s t i n g  metabolism 
BMR, r ena l  func t ion  tes ts  
Report a t  9:OO p.m., r e s t i n g  metabolism 
BWR, basa l  blood, 24-hour u r i n e  sample 
Continue d a i l y  a c t i v i t i e s  
24-hour u r i n e  sample, r e p o r t  a t  9:OO p.m., r e s t i n g  metabolism 
BMR, renal func t ion  t es t s ,  blood volume 
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PART I1 

DESCRIPTION OF MErHODS AND MATERIALS 

Water Balance --- -- 
Water balance was c a l c u l a t e d  by a modified ve r s ion  of t h e  Peters-Passmore equat ion 

and was expressed f o r  a 24 hour per iod (Consolazio,  Johnson and Pecora,  1963, pp. 317-318). 
The equat ion ( w i t h  a l l  u n i t s  expressed i n  grams) i s  a s  fol lows:  

Water Balance = 
W t  - ( S o l i d s i n - S o l i d s o u t )  - (02abs-CO2excr) + H20 met (which  i s  0.89 02abs+1.309 CD2excr+l.O1Nu). 

The modified equat ion i s  desc r ibed  i n  Appendix V. 
weighed i n  t h e  recumbent p o s i t i o n  t o  t h e  n e a r e s t  20 grams on a mobile h y d r a u l i c  Fairbanks- 
Morse s c a l e  (see F igure  2.1).  A custom made in t e rchangeab le  platform f o r  t h e  s c a l e  served 
t o  support  the s u b j e c t s  i n  t h e  h o r i z o n t a l  p o s i t i o n  du r ing  d e f e c a t i o n  and t o  determine t h e  
net weight change, i .e, f e c a l  weight (see F igure  2.2). Th i s  e l imina ted  t h e  muscular e f f o r t  
involved i n  u s ing  a bed pan. 
du r ing  t h e  pre-bed rest and bed rest  per iods.  
s u b j e c t s  were placed on r egu la t ed  cons t an t  volume i n t a k e ,  and a rough water  balance was 
c a l c u l a t e d  d a i l y  t o  determine t h e  s t a t e  o f  hydrat ion.  I f  a nega t ive  balance developed, 
adequate water  was given t o  r e p l a c e  t h e  f l u i d s  l o s t  and t o  r e a d j u s t  water balance.  
u t i l i z i n g  t h i s  procedure,  each s u b j e c t ’ s  s t a t e  o f  water balance was known a t  t he  beginning 
o f  bed rest. 
upon a r i s i n g  and a t  n igh t  be fo re  r e t i r i n g .  
u r i n a t e  a t  these p resc r ibed  times, t h e  u r i n e  volume t h a t  was c o l l e c t e d  l a t e r  was d iv ided  
by t h e  time since t h e  l a s t  vo id ing ,  and t h e  e s t ima ted  volume a t  t h e  time of weighing was 
s u b t r a c t e d  from the  weight.  
morning (0700) and a t  night  (2200). Exact f e c a l  weights  were determined only du r ing  bed 
rest. The low r e s i d u e  d i e t  produced a small  and f a i r l y  cons t an t  f e c a l  weight t h a t  could 
be e s t ima ted  on a d a i l y  b a s i s  w i th in  20 grams f o r  a given s u b j e c t .  
rest per iod s u b j e c t s  r epor t ed  i n  the i r  d a i l y  l o g s  the t y p e  and q u a n t i t y  o f  food consumed, 

During bed rest, t h e  s u b j e c t s  were 

A l l  foods and beverages consumed were o f  known water  content  
During t h e s e  two expgrimental  pe r iods  

By 

Sub jec t s  were i n s t r u c t e d  t o  u r i n a t e  be fo re  weighing, both i n  t h e  morning 
During bed rest i f  t h e  s u b j e c t  could not 

Body weights  were recorded t o  t he  n e a r e s t  20 g r a m  i n  t h e  

During t h e  post-bed 
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FIG. 2.1. MOBILE SCALE. S c a l e  f o r  weighing s u b j e c t s  i n  recumbent pos i t i on .  The suppor t ing  p l a t -  
form could be r a i s e d  f o r  s t and ing  weights  of s u b j e c t s  dur ing  ambulatory per iods .  

FIG. 2.2. CUSTOM MADE PLATFORM. The p la t form above was exchanged f o r  p la t form seen i n  FIG. 2.1 and 
served t o  support  s u b j e c t s  whi le  t hey  defeca ted .  
e f f o r t  i n  t h e  recumbent pos i t i on .  

The use  o f  such a p l a t fo rm requ i r ed  l i t t l e  muscular 
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from which the t o t a l  body water  consumed was c a l c u l a t e d  f o r  each day.' 
l o s s  was measured i n  e x e r c i s e  s u b j e c t s  dur ing  bed r e s t  by pre- and p3s t -exerc ise  weights .  

O t h e r  Water LOSS 

Act ive  sweat 

-- ----- --- 
The AWt f a c t o r  given above i n  t h e  Peters-Passmore equat ion was i n v a l i d a t e d  on 

f i v e  s e p a r a t e  occas ions  by e x t r a o r d i n a r y  weight changes,  v i z . ,  water  l o s s  by vomitus 
and mild d i a r r h e a ;  t h e  former o c c u r r i n g  twice  and t h e  l a t t e r  t h r e e  times. I n  each 
i n s t a n c e ,  t he  water  l o s s  was c o l l e c t e d  and weighed. 
morning's weight f o r  t h e  purpose of de te rmining  water  balance,  i.e., t h e  c a l c u l a t i o n  of  
water  balance was made on t h e  b a s i s  o f  t h e  c o r r e c t e d  weight.  
a s  f i r s t  measured served a s  t h e  reference weight t o  c a l c u l a t e  t h e  water  balance f o r  t h e  
subsequent 24 hour per iod.  

The weight was added t o  t h e  next 

The uncorrected weight 

Blood l o s s  d u r i n g  t h e  entire 27 day experiment was approximately 441 m l  f o r  each 

Water l o s s  v i a  blood l e t t i n g  was used only  i n  
s u b j e c t .  A t o t a l  o f  95 m l  o f  blood was drawn d u r i n g  pre-bed rest ,  195 m l  dur ing  bed 
res t ,  and 150 m l  dur ing  post-bed rest. 
express ing  c o r r e c t e d  water  ba lance  f o r  t h e  three complete p e r i o d s ,  r a t h e r  than on a 
d a i l y  b a s i s .  

Body F l u i d s  - 
T o t a l  body water  was measured by t h e  d i l u t i o n  p r i n c i p l e  by i n j e c t i n g  1.0 a i l l i c u r i e  

of  t r i t i a t e d  water  (T20) (HTO) in t ravenous ly .2  
t h e  t r i t i u m  i n j e c t e d  and subsequent blood samples were taken a t  two, t h r e e ,  and f o u r  hours  
p o s t - i n j e c t i o n .  Plasma was analyzed f o r  r a d i o a c t i v e  t r i t i u m  w i t h  a s c i n t i l l a t i o n  counter .  
The exac t  amount i n j e c t e d  was c a l c u l a t e d  by p r e  - pos t  weight d i f f e r e n c e  of  t he  s y r i n g e  
checked a g a i n s t  volume (Appendix V I  1. 

A p r e - i n j e c t i o n  blood sample was drawn, 

Blood volume was measured by t h e  d i l u t i o n  p r i n c i p l e  u s i n g  an in t ravenous  i n j e c t i o n  
of  1-2 m i l l i c u r i e  
blood sample was drawn, a second sa.nple was t a k e n  10-15 m i n u t e s  l a t e r  f o r  subsequent 
measurement o f  r a d i a t i o n  a c t i v i t y .  
amount of  1-131 i n  it was counted b e f o r e  and a f t e r  i n j e c t i o n  t o  de te rmine  t h e  amount of  
t h e  agent  i n j e c t e d .  
and plasma volume was determined by d i f f e r e n c e  ( f o r  d e t a i l s ,  see Appendix V I I ) .  
o f  a l l  blood samples were taken and immediately brought t o  t h e  Human Performance Laboratory 
where t h e y  were separa ted  f o r  chemical ana lyses ,  inc luding  t h o s e  on t h e  i n f u s i o n  chemicals  
(PAH and i n u l i n ) .  S ince  a l l  a n a l y s e s  could not be completed on  t h e  experimental  day,  a 
p o r t i o n  o f  t h e  serum was f rozen  and s t o r e d .  

wi th  a - l i t h i u m  i n t e r n a l  s tandard  by f lame photometry4 and serum c h l o r i d e  by a c h l o r i d -  
ometera w i t h  sodium c h l o r i d e  a s  a s tandard .  
r h l o r i d c  s t a n d a r d s  by f r e e z i n g  poin t  depress ion  on an osmometerb. 
determined by t h e  a l k a l i n e  i c r i c  a c i d  method (Consolazio and Johnson, 1960) and c o l o r  

of  rad io- iodine  l a b e l e d  serum albumin.3 A f t e r  t h e  pre- in jec t ion  

The s y r i n g e  was placed i n  a Volumetron and t h e  

Packed cel l  volume (hematocr i t )  was determined from t h e  same sample, 
Al iquots  

Serum sodium and potassium were measured 

Osmolar i ty  was deterinined w i t h  sodium 
C r e a t i n i n e  was 

read on a spectrophotometer  7 
-- 

' N u t r i t i v e  Value o f  Foods, USDA Home and Garden B u l l e t i n  g72. 
2 P r i t i a t e d  w a t e r  from Abbott L a b o r a t o r i e s ,  Chicago, I l l i n o i s .  
JRISA, Mal l inckrodt  Chemical Works (Nuclear  Div is ion)  , S t .  Louis ,  Missouri .  
4Beckman Flame Photometer. 
5Buchler-Cattone Chloridometer  
6Advanced Osmometer, Advanced Ins t ruments ,  Inc. 
7Beckman Spectrophotometer  B. 
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Renal Function 

Renal plasma f l o v  (RPF) was determined with Para-amino h i p p u r a t e  (PAHl8. PAH 
was i n j e c t e d  i n  a priming s o l u t i o n  o f  s u f f i c i e n t  concent ra t ion  t o  b r i n g  blood l e v e l s  
t o  1.5 t o  2 , s  mg%, and s u s t a i n e d  a t  t h a t  l e v e l  by i n f u s i n g  a s o l u t i o n  of  PAH and 
s a l i n e  w i t h  a Sage i n f u s i o n  pump9 a t  a r a t e  o f  1.6 m l / m i n .  f o r  approximately 2 hours.  
The pro tocol  developed i n  p i l o t  experiments  was used, i .e. ,  two r e s t i n g  c l e a r a n c e s  of 
13 m i n .  d u r a t i o n ,  one e x e r c i s i n g  sample o f  30 m i n .  d u r a t i o n ,  and two pos t -exerc ise  
samples,  one 13 m i n .  and one 30 m i n .  i n  d u r a t i o n .  (See Appendix 111 f o r  a more complete 
d e s c r i p t i o n . )  
S m i t h  (1956). 

Plasma and u r i n e  c o n c e n t r a t i o n s  o f  PAH were measured by t h e  method o f  

Glomerular f i l t r a t i o n  r a t e  (GFR) was measured by t h e  c l e a r a n c e  of  i n u l i n 1 0  us ing  
t h e  Resorcinal  method ( S c h r e i n e r ,  1950). The c l e a r a n c e  tes ts  o f  i n u l i n  were i d e n t i c a l  
t o  t h a t  of PAH. 

C r e a t i n i n e  was measured i n  serum, a s  descr ibed  above, on a l l  s i x  r e n a l  f u n c t i o n  
t e s t  days.  
from 24 hour pools .  Urine c r e a t i n i n e  was measured o n  three d i f f e r e n t  sample specimens, 
v i z , ,  i n  24 hour u r i n e ,  i n  t h e  blank u r i n e  t h a t  preceded an i n f u s i o n  of  PAH and i n u l i n ,  
and i n  pos t -exerc ise  u r i n e .  GFR was a l s o  determined on  these t h r e e  occas ions .  

Serum l e v e l s  were determined roughly co inc ident  t o  u r i n e  de te rmina t ions  

Urine was c o l l e c t e d  i n  24 hour pools  unless a u r i n e  specimen was needed f o r  a 
s p e c i f i c  a n a l y s i s ,  i n  which c a s e  a measured 30 m l  a l i q u o t  was withdrawn and noted i n  
t he  l o g  f o r  purposes of r e c o r d i n g  24 hour u r i n e  product ion.  The remainder was t h e n  
added t o  t h e  pooled u r i n e ,  Using t h e  same a n a l y t i c a l  procedures  employed f o r  serum, 
ur ine  e l e c t r o l y t e s ,  o s m o l a l i t y ,  and c r e a t i n i n e  were analyzed. U r i n e  f o r  de te rmina t ion  
of  a l d o s t e r o n e  was f rozen  and sent t o  Ssn Francisco  County Hospi ta l  f o r  measurement 
a t  t h e  conclusion of t h e  pro jec t .11  

Met abol i p~ 

Dietary  regimens were w r i t t e n  f o r  a l l  s u b j e c t s  and s tandard ized  t o  s a t i s f y  t h e  
c a l o r i c  needs of  b a s a l  metabolism, d a i l y  r o u t i n e  a c t i v i t i e s ,  l a r g e  muscle a c t i v i t y  
( e x e r c i s e )  and t h e  energy needs o f  metabol i s ing  food ( i . e . ,  S p e c i f i c  Dynamic Act ion)  
accord ing  t o  procedures  o u t l i n e d  by Bogert (1966) and Consolazio,  Johnson, and Pecora 
(1963). Three s e p a r a t e  d i e t a r y  regimens were wri t ten based on 60, 70, and 80 k g  body 
weights  corresponding t o  i n t a k e s  o f  3000, 3450, and 3653 C a l o r i e s ,  r e s p e c t i v e l y  (see 
Appendix VIII). Other  t h a n  s e l e c t i n g  foods o f  low r e s i d u e ,  t h e  s e l e c t i o n  was made from 
t h e  more common food products  t o  minimize t h e  p o s s i b i l i t y  of  p r e c i p i t a t i n g  i n g e s t i v e  o r  
d i g e s t i v e  problems. 
food was prepared and served by the  U n i v e r s i t y  h o s p i t a l  s t a f f .  

A l l  d i e t a r y  c a l c u l a t i o n s  were made by a g r a d u a t e  d i e t i t i o n .  The 

The d i e t s  were a l s o  ad jus ted  f o r  t h e  t r a n s i t i o n  from t h e  normal ambulatory 
pre-bed rest per iod  t o  t h e  bed rest per iod .  Two s e p a r a t e  adjustments  were made, one 
f o r  t h e  e x e r c i s e  bed rest  and t h e  second f o r  t h e  non-exercise  bed rest  s u b j e c t s .  The 
adjustments  included c a l o r i c ,  water ,  and s a l t  i n t a k e .  Sodium and potassium c h l o r i d e  
were weighed d a i l y  and placed i n  i n d i v i d u a l  d i s p e n s e r s  t o  supplement t h e  e l e c t r o l y t e  
conten t  o f  t h e  d i e t s ,  i .e.,  each o f  t h e  t h r e e  d a i l y  d i e t s  were supplemented t o  a 
s tandard  l e v e l  and t h a t  l e v e l  o f  i n t a k e  was maintained throughout each per iod .  The 

8Sodiurn para-amino h i p p u r a t e ,  20% normal s a l i n e  suspension,  from Verck, Sharp 

9Fixed speed, double  s y r i n g e ,  50 m l  c a p a c i t y  i n f u s i o n  pump, Model 249-2, Ssge 
a?d Dome, South San Franc isco ,  C a l i f o r n i a .  

Instruments, Inc. , White P l a i n s ,  New York. 

Inc., Menlo Park,  C a l i f o r n i a .  

Center. 

I O I n u l i n ,  10% normal s a l i n e  suspens ion ,  from Warner C h i l c o t t ,  S c i e n t i f i c  Products ,  

11Chemical de te rmina t ion  under t h e  d i r e c t i o n  of  Edward B i g l i e r i  , C l i n i c a l  S t u d i e s  
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t o t a l  amount of sodium and potassium dur ing  t h e  pre-bed rest e q u i l i b r a t i o n  pe  
6.0 (286 mEq) and 4.73 (126 mEq) grams, r e s p e c t i v e l y ,  f o r  a l l  s u b j e c t s .  The 
was decreased du r ing  t h e  bed rest per iod i n  proport ion t o  t h e  r educ t ion  o f  t h e  c a l o r i c  
i n t a k e  (see Appendix VIII). I t  was the  purpose o f  t h e  i n v e s t i g a t i o n  t o  maintain t h e  
s u b j e c t s  i n  a s t a t e  of  normal hydrat ion.  Dai ly  adjustments  were made f o r  water  i n t a k e  
based on the  c a l c u l a t e d  d a i l y  water  balance.  As w i t h  c a l o r i c  and s a l t  i n t a k e ,  t h i s  was 
s t anda rd ized  i n i t i a l l y  on t h e  b a s i s  o f  body weight.  When bed rest began, the water  
i n t a k e  was reduced f o r  non-exercise s u b j e c t s  and inc reased  f o r  e x e r c i s e  s u b j e c t s  based 
on t h e  e s t ima ted  needs du r ing  e i ther  s t a t e  o f  a c t i v i t y .  

I Resp i ra to ry  Metabolism 

Resp i r a to ry  metabolism was measured i n  three s t a t e s :  b a s a l ,  r e s t i n g ,  and 
e x e r c i s e .  During t h e  pre-bed rest pe r iod ,  s u b j e c t s  were scheduled p e r i o d i c a l l y  t o  
sleep overnight  a t  t h e  experimental  f a c i l i t y .  On these occas ions ,  r e s p i r a t o r y  metabolsim 
was measured i n  t h e  evening under r e s t i n g  cond i t ions  p r i o r  t o  r e t i r i n g  and i n  t h e  morning 
under basa l  cond i t ions  j u s t  a f t e r  they awakened. These measurements were inade by the  
open-c i r cu i t  method employing e i ther  a 120 l i t e r  T i s s o t  tank o r  Kofrani-Michaelis p o r t a b l e  
K-M r e s p i r a t o r y  gas  meters t h a t  were r o u t i n e l y  c a l i b r a t e d  (pp. 48-53, Consolazio,  Johnson, 
and Pecora,  1963). 

During t h e  e q u i l i b r a t i o n  and t h e  recovery pe r iods ,  e x e r c i s e ,  r e s p i r a t o r y ,  and 
metabolism measurements were made on a l l  s u b j e c t s  i n  con junc t ion  w i t h  t h e  r e n a l  func t ion  
tests. I n d i v i d u a l  work loads  f o r  t h e  recumbent b i c y c l e  ergometer e x e r c i s e  were e s t a b l i s h e d  
du r ing  a pre-experiment up r igh t  b i c y c l e  ergometer r i d e  by d i r e c t  measurement, o r  by 
p red ic t ed  va lues  on t h e  b a s i s  o f  h e a r t  r a t e  response a f t e r  t h e  method of Astrand and 
Rhyming (1954). 
s t r e n g t h  tes ts  resul ts  i n  a f u r t h e r  a t tempt  t o  insure t h a t  t h e  l oads  were of  s i m i l a r  
r e l a t i v e  d i f f i c u l t y  f o r  each s u b j e c t .  

%me minor adjustments  i n  work load were made on t h e  b a s i s  o f  LB% and 

D.iring the bed rest pe r iod ,  t h e  experimental  e x e r c i s e  s u b j e c t s  performed t h e i r  
i n d i v i d u a l l y  p re sc r ibed  work load f o r  30 m i n .  tw ice  d a i l y ,  once i n  t h e  morning and once 
i n  t h e  a f t e rnoon  (see F igure  2.3).  On days o f  r e n a l  func t ion  t es t s ,  one of t h e  scheduled 
30 min. bouts  was s a t i s f i e d  d u r i n g  t h e  t e s t ,  w i t h  e x e r c i s e  metabolism samples c o l l e c t e d  
concur ren t ly .  

During the  e x e r c i s e  t es t s ,  r e s p i r a t o r y  metabolism was measured by t h e  open-c i r cu i t  

Percent 
method us ing  t h e  p o r t a b l e  K - l  meter (see F igure  2.4). 
analyzed from each o f  t h r e e  10 sin. c o l l e c t i o n  pe r iods  d u r i n g  t h e  e x e r c i s e  bout. 
oxygen was determined w i t h  a Beckman Oxygen Analyzer (model D2) and percent e02 by a 
Thermal Gasanalyzer (Godart) .  
l a t e d  a f t e r  s t anda rd  procedures  using pulmonary v e n t i l a t i o n  and t h e  above measurements 
(pp. 5-11, Consolazio,  Johnson,and Pecora,  1963). On days when no r ena l  func t ion  tests 
were r u n ,  on ly  h e a r t  r a t e  was recorded a t  t h e  end o f  each of t h e  three 10 m i n .  i n t e r v a l s  
du r ing  e x e r c i s e .  

A l iquo t s  o f  expired a i r  were 

True 0 2  and RQ values  and 02 i n t a k e / u n i t  time were calcu-  

Subject  1 3 5 7 2 4 6 0 10 1 2  

Work load (kpm) 850 750 725 900 750 725 700 003 725 825 

Work load  ( w a t t s )  139 126 119 147 123  119 114 131 119 135 

TABLE 2.1. WORK LOADS FOR STANDARD 30 MINUTE EXERCISE BOUTS. Work load i n  re- 
cumbent e x e r c i s e  was e s t a b l i s h e d  on t h e  b a s i s  3f p re l imina ry  tes ts  i n  t h e  s i t t i n g  
p o s i t i o n  a t  approximately 5’3% maximum oxygen uptake.  
j ec t s  1, 3, 5, and 7 twice d a i l y  d u r i n g  t h e  9 days o f  recumbency, and by s u b j e c t s  
2,  4 ,  6 ,  8, 10, and 12 i n  r e n a l  tes ts  b e f o r e  and a f t e r  bed rest. 

Th i s  load was used by sub- 
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F I G .  2.3. APPARATUS FOR RECUMBENT EXERCISE. A C o l l i n s  ergometer placed on an a d j u s t a b l e  frame a l -  
lowed subjects t o  exercise i n  t h e  h o r i z o n t a l  pos i t i on .  
p o s i t i o n  of  t h e  l e g s  was p a r a l l e l  w i t h  t h e  hea r t  i n  o r d e r  t o  a s s u r e  minimal g r a v i t a t i o n a l  effects 
on t h e  ca rd iovascu la r  system dur ing  exe rc i se .  

The frame was cons t ruc ted  so t h a t  t h e  average 

F I G .  2.4. HEAD GEAR FOR RESPIRATORY APPARATUS. During exercise, a cont inuous c o l l e c t i o n  of  expi red  
a i r  was c o l l e c t e d  us ing  a C o l l i n s  two-way p l a s t i c  "J" va lve  and a p o r t a b l e  K-M meter. 
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anthropometr i  
and v i t a l  c a p a c i t y  were a l l  measured on e 
t i o n  was e s t ima ted  by t h e  water  immersio 
c a l i p e r s  method (Pasca le ,  19561, and by 
l a t t e r  technique,  a whole body s c i n t i l l  
body r a d i o a c t i v i t y . 1 2  The count ing app 
d e t e c t o r  o p t i c a l l y  coupled t o  three photo m u l t i p l i e r s  
pu l s i t e  d i s t r i b u t i o n s  t o  an RIDL 400 channel mult ichannel  analyzer .  The d e t e c t o r  was 
housed i n  a 5% i n .  d i ame te r  c y l i n d r i c a l  count ing chamber of 5% i n .  low background i r o n ,  
t h e  inner s u r f a c e  of wh ich  was l i n e d  w i t h  copper cadmium and lead t o  reduce 
r a d i a t i o n .  T h e  s u b j e c t s  were pos i t i oned  i n  a v i n y l  beach c h a i r  modified t o  
90 em. a r c  from t h e  f a c e  of t h e  c r y s t a l .  Two a d d i t i o n a l  c h a i r s  were f a b r i c a t e d  f o r  
background and s tandard measurements. The background measurements were de r ived  by t h e  
count ing of 70 kg o f  g ranu la t ed  sugar  arranged i n  approximately a human form. 
sugar  phantom N a s  prepared i n  w h i c h  potassium c h l o r i d e  had been c a r e f u l l y  admixed t o  
provide a concen t r a t ion  o f  2 g potassium/Kg sugar  d i s t r i b u t e d  i n  a c l o t h  s u i t  made t o  
s imula t e  a human form. I n  a d d i t i o n  t o  days 9,  20, and 26, each s u b j e c t  was counted on 
day f i v e .  Background, s t anda rd ,  and experimental  counts  were a l l  o f  60 m i n .  d u r a t i o n .  
The  potassium-40 i n t e n s i t y  was computed from t h e  d i f f e r e n c e  between t h e  potassium- 
sugar  phantom and background r a t i o  t o  t h e  d i f f e r e n c e  between t h e  background and each 
s u b j e c t ,  and r epor t ed  i n  grams of p o t a s s i u a .  
approximately 10 counts /hr /g  o f  potassium. 

and a p r e a m p l i f i e r  which had 

A similar 

The  s e n s i t i v i t y  of  t he  system was 

Standard t echn iques  f o r  measurement of body widths  and circumferences were u t i l i z e d  
(Hertzberg,  &., 1963). I s o m e t r i c  s t r e n g t h  tes ts  o f  l e g s  and arms were measured w i t h  
c a b l e  t e n s i o n  appa ra tus  a f t e r  Clarke and Clarke (1963).  A t  t h e  end of t h e  experiment,  
r e s i d u a l  lung volume was measured only once by t h e  modified c l o s e d - c i r c u i t  oxygen 
r e b r e a t h i n g  system o f  Rahn (19541.13 

~ Experimental  Environment 

A segment o f  one wing o f  t h e  Cowell Health Center, Un ive r s i ty  of  C a l i f o r n i a ,  Davis,  

The p o r t i o n  o f  t h e  wing used cons i s t ed  CP two wards w i t h  a two bed capac i ty  
was con t r ac t ed  f o r  u s e  i n  one of t h e  p i l o t  experiments and du r ing  t h e  27 day summer 
experiment.  
each,  and a l a r g e r  Nard a c r o s s  t h e  h a l l  (see F igure  2.5). 
i n t e rconnec ted  by a p r e p a r a t i o n  room. 
rest, and most experimental  t es t s  were completed there, Renal func t ion  and e x e r c i s e  
tes ts  were completed i n  t h e  l a r g e r  ward, which was shared w i t h  a c o l l a t e r a l  NASA p r o j e c t  
i n v e s t i g a t i n g  c i r c u l a t o r y  (venous f low) d e b i l a t a t i o n ,  under t h e  d i r e c t i o n  of Loren 
Carlson.14 The h o s p i t a l  was a i r  condi t ioned and t h e  measured ambient temperature  v a r i e d  
on ly  7 1 O c .  

The two sma l l e r  wards were 
The sma l l e r  wards housed the s u b j e c t s  du r ing  bed 

The h o s p i t a l  k i t c h e n  s t a f f  prepared t h e  meals under t h e  supe rv i s ion  o f  one o f  
Meals were served i n  t h e  h o s p i t a l  s t a f f  d i n i n g  room dur ing  t h e  s e n i o r  i n v e s t i g a t o r s .  

pre-bed rest p e r i o d s ,  and were brought t o  t h e  s u b j e c t s  i n  bed du r ing  t h e  bed rest per iod.  
The  ambulatory e x t e r n a l  c o n t r o l  s u b j e c t s  (numbers 10 and 1 2 )  continued t o  e a t  i n  t h e  
d i n i n g  room dur ing  t h e  bed rest per iod.  

The s u b j e c t s  were supervised 24 hours a day by t h e  h o s p i t a l  nu r s ing  s t a f f ,  and t h e  
i n v e s t i g a t o r s  were on c a l l  24 hours a day and handled a l l  r o u t i n e  experimental  procedures.  

S t a t i o n .  Radiobiology 

Physical  Education, U n i v e r s i t y  
o f  Cal i f orn i a ,  Berkeley a 

Contract  NGR 05-004-026. 
14Dr. Loren Carlson,  School o f  Medicine, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis;  NASA 
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Hal 1 

Venous Flow 
D r .  Loren Carlson 

S c a l e  

J 

FIG. 2.5. ILLUSTRATION OF HOSPITAL FLOOR PLAN. The a r e a  used f o r  
experimental  t e s t i n g  and f o r  confinement o f  t h e  e i g h t  s u b j e c t s  du r ing  
bed rest was rnade a v a i l a b l e  by t h e  Un ive r s i ty  Student  Heal th  Center ,  
U n i v e r s i t y  of C a l i f o r n i a ,  Davis campus. Two s u b j e c t s  occupied each 
o f  t h e  two sma l l e r  rooms dur ing  bed rest. 
h a l l  was used f o r  e x e r c i s e  procedures.  

The l a r g e r  room a c r o s s  t h e  
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During i s o t o p e  a d m i n i s t r a t i o n  and renal f u n c t i o n  tes t s ,  one o f  two h o s p i t a l  s t a f f  
phys ic ians  a t tended  the  s u b j e c t s  f o r  the d u r a t i o n  of  t h e  experiment.  

S u b j e c t s  had access  t o  music and t e l e v i s i o n ,  and f i l m s  were scheduled on two 
occasions.  Prism g l a s s e s  were a v a i l a b l e  t o  f a c i l i t a t e  reading  i n  t h e  recumbent p o s i t i o n .  
Subjec ts  were allowed v i s i t o r s  a t  r e g u l a r  h o s p i t a l  hours.  No at tempt  was made t o  restrict  
movement beyond t h a t  o f  main ta in ing  t h e  h o r i z o n t a l  p o s i t i o n .  

Subject  m r i p t  i o n s  

The s u b j e c t s  were a l l  U n i v e r s i t y  undergraduate  s t u d e n t s ,  between 18-21 y e a r s  of  
age. They were s e l e c t e d  on t h e  b a s i s  o f  a v a i l a b i l i t y ,  m a t u r i t y ,  i n t e r e s t  and d e s i r e  t o  
coopaerate.  A l l  r e s i d e d  i n  Davis dur ing  t h e  experiment ,  except  one who was l i v i n g  i n  
Sacramento wi th  h i s  p s r e n t s  ( s u b j e c t  5). 
s u b j e c t s  were ass igned  p r i o r i t y  i n  t h e  experiment on  t h e  b a s i s  o f  personal  e v a l u a t i o n ,  
e a s e  o f  u r i n a t i n g  i n  t h e  recumbent p o s i t i o n ,  a i d  a v a i l a b i l i t y  f o r  experimental  p ro tocol .  
The h ighes t  p r i o r i t y  s u b j e c t s  were p laced  i n  t h e  e x e r c i s e  group. The second h ighes t  
p r i o r i t y  s u b j e c t s  were placed i n  t h e  i n t e r n a l  c o n t r o l  group. These two groups were paid 
t h e  same s t i p e n d .  The lowest  p r i o r i t y  s u b j e c t s  were placed i n  t h e  e x t e r n a l  c o n t r o l  group 
and were pa id  one h a l f  t h e  s t i p e n d  of  t h e  o t h e r s ,  s i n c e  t h e i r  commitment involved one 
h a l f  t h e  r e n a 1 , f u n c t i o n  t es t s  and d id  not require t h e  n i n e  days o f  bed rest. Basic  

A d e s c r i p t i o n  o f  t h e  s u b j e c t s  fol lows.  The 

SJbj  e c t  Age 

E x e r c i s e r s  

1 19.3 

3 20.5 

5 19.3 

7 21.1 

Group 2 20.0 

Con t r o  1 s 

2 19.2 

4 19.9 

6 19.0 

8 19.2 

Group 19.3 

Height 
(cm) 

174.0 

167.6 

176.5 

186.2 

176.1 

175.3 

172.7 

172.0 

173.5 

173.4 

Weight 
(kg)  

81.7 

63.4 

70.2 

70.4 

71.4 

69.8 

69.7 

50.2 

80.9 

70.2 

BSA 
(m2) 

1.98 

1.71 

1.85 

1.93 

1.86 

1.84 

1.82 

1.70 

1.96 

1.83 

%Body Fat  

13.6 

14.0 

17.6 

8.6 

13.5 

15.7 

18.0 

7.4 

15.0 

14.4 

LBM 
(kg)  

70.6 

54.6 

57.8 

64.3 

61.8 

55.9 

57.1 

55.7 

68.8 

60.1 

Max 002 Knee Ext. S t r g t h .  
(L 1 ( l b s )  

3.850 200 

3.075 l3D 

3.064 190 

3.960 190 

3.487 178 

2.859 140 

. 2.910 140 

3.326 157 

3.200 210 

3,074 162 

TABLE 2.2. BASIC CHARACTERISTICS OF SUBJECTS. A l l  d a t a  shown h e r e  were c o l l e c t e d  
p r i o r  t o  t h e  beginning o f  t h e  27  day experiment (BSA'body s u r f a c e  a r e a ;  LBWlean 
body mass a s  determined by water  immersion). 
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c h a r a c t e r i s t i c s  o f  t h e  s u b j e c t s  a r e  given i n  Table  2.2. 
o f  i n d i v i d u a l  s u b j e c t s  i s  o u t l i n e d  below: 

The investigators'observations 

1, 

2. 

3. 

4. 

5 .  

A sophomore with a t h l e t i c  i n c l i n a t i o n s .  Well muscled, wi th  l a r g e  frame, and i n  
e x c e l l e n t  phys ica l  c o n d i t i o n ,  since he l i f t e d  weights  and ran r e g u l a r l y .  He d i d  
not smoke. He possessed a mild and "easy going" n a t u r e ,  but became impat ient  w i t h  
experimental  procedures  due t o  s e v e r a l  misunderstandings o f  experimental  da tes .  He 
was considered t o  be r e l i a b l e  and was assumed t o  have c l o s e l y  followed t h e  exper i -  
mental p r o t o c o l  d u r i n g  t h e  ambulatory p e r i o d s  when he  was away from t h e  experimental  
a rea .  I n  s r d e r  t o  main ta in  h i s  s t a t e  o f  phys ica l  c o n d i t i o n ,  he was allowed t o  l i f t  
weights  f o r  30 m i n u t e s  each day and run one n i l e  p e r  day d u r i n g  t h e  ambulatory 
per iods .  H i s  on ly  mis take  d u r i n g  t h e  experiment was t h e  l o s s  of  some of  h i s  u r i n e  
on day 10, making t h i s  d a y ' s  24 hour pool unusable.  He could u r i n a t e  e a s i l y  i n  
t h e  recumbent p o s i t i o n .  

A freshman wi th  a t h l e t i c  i n c l i n a t i o n s .  
was not involved i n  a p h y s i c a l  f i t n e s s  program dur ing  t h e  experiment.  He played 
f o o t b a l l  dur ing  h i s  freshman y e a r  on t h e  u n i v e r s i t y  freshman team. He d i d  not smoke. 
He was i n t e r e s t e d  i n  t he  experiment ,  but manifested some i r r i t a b i l i t y  a s  t h e  exper i -  
merlt progressed due t o  a complex schedule  which o c c a s i o n a l l y  i n t e r f e r e d  wi th  h i s  
personal  plans.  He was considered t o  be impeccably r e l i a b l e  and was assumed t o  
fo l low experimental  p ro tocol  away from the h o s p i t a l .  The only  s u b j e c t  engaged i n  
s t renuous  a c t i v i t i e s ,  he  worked a s  a l a b o r e r  i n  heavy c o n s t r u c t i o n  work i n  t h e  hot 
s u n  f o r  s e v e r a l  hours a day. T h i s  caused h i s  s t a t e  of  hydra t ion  t o  f l u c t u a t e  g r e a t l y .  
His water  r a t i o n  on t h e  f irst  days was inadequate ,  which added t o  h i s  i r r i t a b i l i t y .  
He vomited on t h e  l a s t  day o f  t h e  e q u i l i b r a t i o n  per iod.  He was one o f  t h e  two sub- 
j ec t s  who could not u r i n a t e  e a s i l y  dur ing  bed res t ,  and f r e q u e n t l y  voided more than  
% l i t e r  p e r  u r i n a t i o n ,  

A j u n i o r  vvith a t h l e t i c  i n c l i n a t i o n s .  Average muscle mass, small  frame, and i n  good 
phys ica l  condi t ion .  He played v igorous  r e c r e a t i o n a l  b a s k e t b a l l  q u i t e  r e g u l a r l y  p r i o r  
t o  t h e  experiment.  He d i d  not  smoke. He possessed a mild tempsrament and was 
e x c e p t i o n a l l y  coopera t ive .  He was o f  impeccable r e l i a b i l i t y ,  always well informed 
and followed d i r e c t i o n s  e x p l i c i t l y .  He was assumed t o  have adhered t o  t h e  exper i -  
mental  p ro tocol  a t  a l l  times. He performed l i g h t  work, indoors ,  b e f o r e  t h e  bed rest 
per iod .  There were no unusual e v e n t s  i n  h i s  performance o r  r e s p o n s i b i l i t i e s .  He 
could u r i n a t e  e a s i l y  i n  t h e  recumbent p o s i t i o n .  

A sophomore wi th  no a t h l e t i c  i n c l i n a t i o n s .  Average muscle mass, o f  medium frame and 
i n  average phys ica l  condi t ion .  He d i d  not smoke. He became i r r i t a b l e  o c c a s i o n a l l y  
when a t e n s e  s i t u a t i o n  a r o s e ,  but was o therwise  coopera t ive .  
s l i g h t l y  q u e s t i o n a b l e ,  a s  on one day he f a i l e d  t o  record  u r i n e  volumes, and on another  
day h i s  water  ba lance  r e c o r d s  i n d i c a t e d  t h e  p o s s i b i l i t y  of  t h e  i n g e s t i o n  o f  f l u i d s  
which were not recorded.  Otherwise,  i t  was thought he  was o f  s u f f i c i e n t l y  high enough 
e t h i c a l  c h a r a c t e r  t o  be depended on t o  fo l low t h e  experimental  p r o t o c o l  whi le  not 
under d i r e c t  observa t ion .  
i n  bed, and when reminded t o  keep h i s  body i n  a h o r i z o n t a l  p o s i t i o n ,  he d i d  so 
begrudgingly.  
t o  cont inue  because one of  t h e  a s s i s t a n t s  a c c i d e n t a l l y  s p i l l e d  a few drops  o f  water  
on him. 
persuas ion  he cont inued.  He f r e q u e n t l y  developed headaches dur ing  t h e  placement o f  
t h e  in t ravenous  c a t h e t e r .  
most o f  t h e  day indoors  d u r i n g  t h e  ambulatory per iod .  He had d i f f i c u l t y  i n  vo id ing  
d u r i n g  bed rest ,  but not a s  m c h  a s  s u b j e c t  2. 

A freshman wi th  no a t h l e t i c  i n c l i n a t i o n s .  Of average muscle mass and frame, t h i s  
s u b j e c t  was not a c t i v e l y  engaged i n  a p h y s i c a l  e x e r c i s e  program. He d i d  not smoke. 
He was mild tempered, c o o p e r a t i v e  and of  impeccable r e l i a b i l i t y  and always followed 
d i r e c t i o n s .  He was assumed t o  have adhered t o  experimental  p ro tocol  a t  a l l  times. 
He performed l i g h t  work, indoors ,  b e f o r e  and a f t e r  bed rest .  There were no unusual 
i n c i d e n t s  i n  h i s  behavior  o r  r e s p o n s i b i l i t i e s  throughout t h e  experiment.  He voided 
wi th  e a s e  i n  t h e  recumbent p o s i t i o n .  

F a i r l y  well muscled wi th  average frame, but  h e  

His r e l i a b i l i t y  was 

He was s e v e r a l  times found 'wi th  h i s  knees s l i g h t l y  r a i s e d  

On t h e  f i f t h  r e n a l  f u n c t i o n  tes t  he  had a "texlp?r t a n t r u m "  and re fused  

He d i d  not move from t h e  recumbent p o s i t i o n  d u r i n g  t h i s  ep isode  and a f t e r  

He vomited once d u r i n g  bed rest. He d i d  not work and spent  
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6 .  

7. 

8 .  

10. 

A freshrnan w i t h  no a t h l e t i c  i n c l i n a t i o n s .  Of l i g h t  muscular development and small  
frame, t h i s  s u b j e c t  d i d  not a c t i v e l y  engage i n  s p o r t s .  He smoked three c i g a r e t t e s  
per day. He was o c c a s i o n a l l y  teaperamental  and complained o f  pain du r ing  t h e  c a t h e t e r  
p l aceaen t .  
r e s p o n s i b i l i t i e s  du r ing  the  ambulatory per iods.  
most o f  t h e  time dur ing  t h e  ambulatory pe r iod .  
behavior.  He voided with e a s e  d u r i n g  bed res t .  

A s e n i o r  w i t h  a t h l e t i c  i n c l i n a t i o n s .  Of t a l l ,  s l e n d e r  frame and t h i n l y  muscled, t h i s  
sub jec t  was i n  good phys ica l  c o n d i t i o n ,  a l though h e  p s r t i c i p a t e d  i n  no organized f i t -  
ness program a t  t h e  time o f  t h e  experiment.  
p a r t i c i p a t e d  on t h e  U n i v e r s i t y  c r o s s  country team. He d i d  not smoke. O f  mild temper- 
ament, t h i s  sub jec t  became s l i g h t l y  uncooporat ive towards t h e  end o f  t h e  experiment,  
and quest ioned t h e  n e c e s s i t y  o f  c e r t a i n  experimental  procedures ,  s u c h  a s  t h e  i n g e s t i o n  
of approximately 0.5 gms o f  sodium c h l o r i d e  t h a t  remained i n  h i s  d a i l y  e l e c t r o l y t e  
supplement. He had experienced s ix  months i n  a bi-valve body c a s t  e i g h t  yea r s  previous 
t o  t h e  experiment,  and hence was f a i r l y  adap tab le  t o  t h e  d i scomfor t s  o f  bed rest .  
was of impeccable r e l i a b i l i t y  and was assumed t o  have adhered t o  experimental  p ro toco l  
a t  a l l  times. He d i d  not work d u r i n g  t h e  ambulatory pe r iods  and s tayed indoors  most 
o f  t h e  time. 

A sophomore w i t h  s l i g h t  a t h l e t i c  i n c l i n a t i o n s .  
normally engaged only i n  r e c r e a t i o n a l  s p o r t s ,  a l though h e  had been a high school 
f o o t b a l l  player .  
h i s  r e s p o n s i b i l i t i e s .  
du r ing  t h e  ambulatory pe r iods  and s t ayed  i n  t h e  shade most of t h e  time. 
mild hemorrhoids du r ing  bed r e s t ,  but never complained o f  t h e  d i scomfor t s  o f  t h e  
experiment. 

A sophomore w i t h  no a t h l e t i c  i n c l i n a t i o n s .  Medium muscle mass and frame. He was i n  
below average phys ica l  cond i t ion .  
appeared t o  have d i f f i c u l t y  i n  s e l f - d i s c i p l i n e ,  p a r t i c u l a r l y  i n  fo l lowing  d i r e c t i o n s  
and experimental  p ro toco l .  He a l s o  tended t o  argue e x c e s s i v e l y  about t h e  importance 
of procedures ,  and was extremely sloppy i n  specimen handling. 
o f  walking a c r o s s  t h e  h a l l  be fo re  a b a s a l  m e t a b o l i s m , s p i l l i n g  h i s  sample of D20 midway 
through i t s  i n g e s t i o n ,  and s p i l l i n g  a p o r t i o n  o f  h i s  u r i n e  samples approximately once 
each day. 
and r e q u i r e d  a b s o l u t e  pr ivacy and silence i n  o r d e r  t o  vo id  du r ing  these tes ts .  
t h e  experiment,  he v e r b a l l y  expressed d i s b e l i e f  i n  t h e  v a l i d i t y  o f  s c i ence .  
t u n a t e l y ,  these f e e l i n g s  were never a l luded  t o  du r ing  in t e rv i ews  be fo re  t h e  experiment.  
His r eco rds  i n d i c a t e d  d i s c r e p a n c i e s  i n  f l u i d  i n t a k e  when water  ba l ance  was c a l c u l a t e d .  
He remained indoors  d u r i n g  most o f  t h e  experiment.  
t h e  recumbent p o s i t i o n .  

He was o f  impeccable r e l i a b i l i t y  and was assumed t o  have adhered t o  h i s  
He d id  not work and s t ayed  indoors  

There were no unusual even t s  i n  h i s  

However, t h e  previous yea r  h e  had 

He 

He voided wi th  e a s e  i n  t h e  recumbent p o s i t i o n .  

Well muscled and of l a r g e  frame, h e  

He was coope ra t ive  and mild tempered, and always well informed of 
He was of impeccable r e l i a b i l i t y .  He worked a s  a l i f e  guard 

He developed 

He voided w i t h  e a s e  du r ing  recumbency. 

He d i d  not smoke. He was mild tempered, but 

His e r r o r s  cons i s t ed  

He found it  necessary t o  d e f e c a t e  du r ing  one of t h e  r e n a l  func t ion  tes ts ,  
During 

Unfor- 

He had d i f f i c u l t y  i n  vo id ing  i n  

12. A sophomore o f  non-a th l e t i c  i n c l i n a t i o n s .  Medium muscle a a s s  and frame. He was i n  
average phys ica l  cond i t ion .  
coope ra t ive  and r e l i a b l e  t o  t h e  b e s t  o f  h i s  a b i l i t y .  
f r e q u e n t l y  e i ther  ignored i n s t r u c t i o n s  o r  fo rgo t  committments. 
i n  i n s t a n c e s  of noted d i s c r e p a n c i e s ,  f o r  which he was o c c a s i o n a l l y  t h e  cause.  
however, a t tempt  t o  s a t i s f y  t h e  requirements o f  t h e  experiment,  and expressed t h e  
d e s i r e  t o  ga in  a sense o f  d i s c i p l i n e  from p a r t i c i p a t i n g  i n  t h i s  experiment.  
two o f  three r e n a l  f u n c t i o n  tes ts  he found it  necessary t o  d e f e c a t e ,  and once appeared 
d i zzy  and f a i n t  a t  which time h i s  p u l s e  r a t e ,  blood pr.sssure, and p u p i l l a r y  r e f l e x e s  
were normal. 
f u n c t i o n  t es t s ,  i n  spi te  o f  t h e  f a c t  t h a t  h e  manifested no such d i f f i c u l t y  i n  pre- 
l imina ry  tests. U n l i k e  number 10, he d i d  not a rgue  t h e  v a l i d i t y  o f  t h e  experiment 
and cooperated t o  t h e  bes t  o f  h i s  a b i l i t y .  

He smoked three c i g a r e t t e s  p e r  day. He was mild tempered, 
Daring t h e  experiment,  he  

He was r a r e l y  h e l p f u l  
He d i d ,  

During 

He had d i f f i c u l t y  i n  vo id ing  i n  t h e  recumbent p o s i t i o n  d u r i n g  r ena l  

The t h i r d  and f o u r t h  sub-groups ( s u b j e c t s  5, 6 ,  7 ,  8,and 1 2 )  proved t o  be more 
coope ra t ive  and ma l l eab le  than  t h e  f i rs t  two sub-groups. However, they had t h e  advantage 
o f  obse rv ing  t h e  e a r l i e r  sub-groups complete t h e  f u l l  experiment.  
t o  observe t h e  f i r s t  two sub-groups on occas ion ,  and were forewarned of  t y p i c a l  mi s t akes ,  

Since they were allowed 
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there  was less  ques t ion  of  what was expected of  them with regard t o  the  experiment 
pro tocol .  They were dec idedly  more e f f e c t i v e  s u b j e c t s .  I t  should be s t a t e d  t h a t  
s u b j e c t s  numbers 1, 2,  3, and 4 had p a r t i c i p a t e d  i n  t h e  p i l o t  experiments ,  and had 
a l ready  submit ted t o  e x t e n s i v e  t e s t i n g  p r i o r  t o  t h e  beginning of  t h e  27 day master  
experiment 

W i t h  t h e  except ion of  s u b j e c t  number 1, t h e  e x e r c i s e  s u b j e c t s  expressed a mild 
d i s l i k e  f o r  e x e r c i s e , a n d  s a i d  t h e y  would have p r e f e r r e d  t o  be t h e  non-exercise c o n t r o l s .  
T h i s  was an unexpected response,  since t h e  i n v e s t i g a t o r s  thought  t h e  twice  d a i l y  exer-  
c ise  bout would s e r v e  t o  break t h e  monotony of  t h e  continu.3us bed rest. 

A l l  s u b j e c t s  looked forward t o  t h e  end of  bed rest wi th  g r e a t  a n t i c i p a t i o n .  
t h e  end o f  bed rest, two s u b j e c t s  (number 2 and 6 )  complained of  d i z z i n e s s  upon s t a n d i n g  
i n i t i a l l y .  
t i l t  t a b l e  t es t s ,  conducted p r i o r  t o  t h e i r  return t o  an e r e c t  p o s t u r e  a t  t he  end of  
bed rest .)  Subjec t  number 6 complained o f  dysmet r ia  and mild uncoordinat ion f o r  two 
days,  main ta in ing  t h a t  h e  could not h i t  a b i l l i a r d  b a l l  o r  judge d i s t a n c e .  Other  
s u b j e c t s  had no symptoms o t h e r  than  mild and t r a n s i t o r y  weakness. 

A t  

(However, none of  t h e  s u b j e c t s  developed o r t h o s t a t i c  syncope d u r i n g  b r i e f  

The low r e s i d u e  d i e t  was well rece ived  except t h a t  most s u b j e c t s  ( t h o s e  not l i v i n g  
a t  home) complained of  t h e  l a r g e  bulk and t h e  regimented t h r e e  meals a day. They claimed 
t h a t  they u s u a l l y  skipped b r e a k f a s t  and a t e  a l i g h t e r  d i n n e r ;  hence, a f u l l  meal a t  t h o s e  
times was unusual f o r  them. During r e n a l  test  days,  b r e a k f a s t  was e a t e n  l a t e  and very 
c l o s e  t o  lunch;  t h i s  t e l e s c o p i n g  of  meals was e s p e c i a l l y  o b j e c t i o n a b l e .  
c o n t r o l s  ( s u b j e c t s  10 and 121, who a t e  t h e  same three day d i e t a r y  c y c l e  f o r  19 days 
(bed rest s u b j e c t s  were given a reduced and s l i g h t l y  d i f f e r e n t  d i e t  when bed rest began),  
complained mi ld ly  of  t h e  monotony of  t h e  d i e t  near t h e  1 5 t h  o r  1 6 t h  day. 
expressed t h e i r  eagerness  t o  return t o  t h e i r  normal e a t i n g  h a b i t s .  

The ambulatory 

A l l  s u b j e c t s  

Defecat ion and u r i n a t i o n  i n  t h e  recumbent p o s i t i o n  presented  s p e c i a l  problems f o r  
some s u b j e c t s .  
e x t e n t  of  not d e f e c a t i n g  once d u r i n g  t h e  bed rest per iod ,  S u b j e c t s  numbers 2 and 4 had 
firoblems i n  h o r i z o n t a l  u r i n a t i m ,  e s p e c i a l l y  number 2, who once could not u r i n a t e  u n t i l  
approximately 850 m l  o f  u r i n e  had c o l l e c t e d  i n  h i s  bladder .  However n e i t h e r  presented  
a g r e a t  problem dur ing  r e n a l  f u n c t i o n  tests. 

O n e  s u b j e c t  (nu-nber 7)  d i s l i k e d  the  i d e a  of  h o r i z o n t a l  d e f e c a t i o n  t o  t h e  

The s u b j e c t s  g e n e r a l l y  remained i n  good s p i r i t s  throughout bed res t ,  and t h e r e  
were no personal  c o n f l i c t s  apparent  among any o f  them. 
f a c i l i t a t e d  occas iona l  change o f  roommates. 
t e r m i n a t i o n  of  t h e  experiment.  

During bed res t ,  mobile beds 
A l l  developed a c l o s e r  f r i e n d s h i p  fo l lowing  

21 



Appendix I :  P i l o t  Experiment on Water Exchange w i t h  a S i n g l e  Subject  

A ten day experiment was designed t o  i n v e s t i g a t e  problems a s s o c i a t e d  w i t h  t h e  
d i u r e s i s  o f  recumbency, and t o  compare t h e  water  exchange o f  a s i n g l e  s u b j e c t  w h i l e  i n  
a normal and i n  a hypohydrated s t a t e  o f  water balance.  Water exchange was measured both 
i n  an erect and recumbent p o s t u r e ,  and w i t h  r e s p e c t  t o  rest and e x e r c i s e ,  i n  both s t a t e s  
o f  hydrat ion.  
known water con ten t .  
water  balance was e s t ima ted  f o r  each o f  t h e  ten days.  
was i n v e s t i g a t e d  w i t h  respect t o  t h e  effect o f  hypohydration on a d i u r e s i s  produced by a 
water  l oad ,  and t h e  e f f e c t  on a d i u r e s i s  du r ing  exercise. 
recuabency causes  l o s s  of water  from t h e  body by a self l i m i t i n g  d i u r e s i s ,  r e s u l t i n g  i n  
hypohydration (hfcCally and Lawton, 1963). I n  t h i s  p i lo t ' expe r imen t ,  12-15 hours o f  
recumbency served t o  s l i g h t l y  hypohydrate t h e  sub jec t .  The extent t o  which hydrat ion 
could be reduced by recumbency was examined by cont inuous bed rest each day w i t h  only 
6-8 hours i n  t h e  up r igh t  posture .  The  n a t u r e  o f  t h e  l a t e r  27 day master  experiment was 
such t h a t  i t  r equ i r ed  a thorough p r a c t i c a l  knowledge o f  t h e  e f f e c t s  o f  hypohydration on 
g r o s s  body water  exchange, since not only water  allowances had t o  be s a i n t a i n e d  t o  s u i t  
a s u b j e c t ' s  needs,  b u t ,  i n  a d d i t i o n ,  t h e  measurement o f  r e n a l  func t ion  r equ i r ed  t h e  
repeated c o l l e c t i o n  o f  u r i n e  samples a t  s h o r t  i n t e r v a l s  du r ing  t h e  r e n a l  c l e a r a n c e  t e s t s .  
F u r t h e r  the volume o f  water  l oad ing  r equ i r ed  t o  s a t i s f y  a con t inu ing  u r i n e  product ion 
e s s e n t i a l  t o  r e n a l  c l e a r a n c e  t es t s ,  had t o  be s u f f i c i e n t l y  small  t o  avoid excess ive  
n a t r i u r e s i s  which a l l e g e d l y  accompanies a recumbent d i u r e s i s  (McCally and Lawton, 1963; 
Sur t sh in  and Whi te ,  1956; Thomas, 1957). The complicat ion of n a t r i u r e s i s  can 
t r i g g e r  a change i n  body f l u i d  exchange. P i l o t  Experiment I was designed,  t h e r e f o r e ,  t o  
i n v e s t i g a t e  a s u i t a b l e  method f o r  promoting a d i u r e s i s  t h a t  would serve t h e  purposes o f  
t h e  master  experiment,  but which would a l t e r  t h e  normal processes  o f  physiology t o  the  
l e a s t  e x t e n t .  

The  s u b j e c t  was maintained on a s t r i c t  l i q u i d  i n t a k e  and food d i e t  o f  
Urine ou tpu t  was measured throughout t h e  ent i re  experiment,  and 

The s u b j e c t ' s  s t a t e  o f  hydrat ion 

I t  i s  known t h a t  prolonged 

-- Methods --- and Procedures  

, Hypohydration was produced by r educ t ion  of f l u i d s  and by prolonged recumbency p r i o r  
t o  t h e  day o f  t h e  experiment. 
b i c y c l e  ergometer i n  t h e  up r igh t  p o s i t i o n .  The t o t a l  experiment c o n s i s t e d  of morning and 
a f t e rnoon  experimental  p e r i o d s ,  du r ing  which water  l o a d s  o f  v a r i o u s  volumes were followed 
by a per iod o f  u r i n e  c o l l e c t i o n  w i t h  o r  without  a bout o f  e x e r c i s e  (see Table  2.3). 
days o f  d i e t a r y  e q u i l i b r a t i o n  preceded the experiment.  
were r u n  on random days spaced throughout t h e  experiment.  
time of day, t h e  volume o f  t h e  d i s t i l l e d  water  l oad ,  t h e  p o s t u r e  o f  t h e  sub jec t  and h i s  
s t a t e  o f  hydrat ion.  
s u b j e c t  assuming a ?  erect pos tu re .  
e.g., by t h e  s u b j e c t  s t and ing  u p r i g h t ,  was compared w i t h  an up r igh t  d i u r e s i s  i n t e r r u p t e d  
by exe rc i se .  Four e x e r c i s e  experiments were r u n  and d i f f e r e d  w i t h  respect t o  t h e  time o f  
t h e  day and t h e  volume o f  water  l oad  drunk be fo re  e x e r c i s e  commenced. 
normally hydrated i n  t h e  morning e x e r c i s e ,  and on d i f f e r e n t  days was hypohydrated f o r  t h e  
af ternoon exe rc i se .  
water  c o n t e n t )  s u b t r a c t e d  from ou tpu t  ( u r i n e ) .  I t  i s  expressed a s  m i n u s  o r  p l u s  mil l i l i ters  
o f  water  p e r  24 hour per iod.  
a s  i n s e n s i b l e  water  l o s s ,  a c t i v e  p e r s p i r a t i o n  and f e c a l  weight changes were not c a l c u l a t e d :  
however, it i s  used i n  p re fe rence  t o  more cumbersome terms such a s  water  input-output 
exchange, o r  t h e  l i k e .  

Exe rc i se  c o n s i s t e d  o f  30 minute bouts  a t  603 Kpm on a 

Two 
Eight c o n t r o l  d i u r e s i s  pe r iods  

The pe r iods  d i f f e r e d  i n  t h e  

Recumbent d i u r e s i s  t r i a l s  were i n t e n t i o n a l l y  i n t e r r u p t e d  by t h e  
The e f f e c t  o f  an i n t e r r u p t i o n  o f  a recumbent d i u r e s i s ,  

The sub jec t  was 

Gross water  ba l ance  was c a l c u l a t e d  by inpu t  (food and l i q u i d  t o t a l  

The re fo re ,  t h e  term water  balance i s  e s s e n t i a l l y  a misnomer, 

VI_ Results 

I n  erect c o n t r o l  d i u r e s i s  t r i a l s ,  t h e  u r i n e  r a t e s  were e f f e c t e d  by s t a t e  o f  hydra t ion ,  

The assumption was made t h a t  assuming an erect p o s t u r e  
but i n  recumbent t r i a l s ,  t h e  r a t e s  were a l t e r e d  only by t h e  volume of t h e  water load 
i r r e s p e c t i v e  o f  s t a t e  of hydrat ion.  
i n  t h e  middle o f  a recumbent d i u r e s i s  i n h i b i t e d  t h e  d i u r e s i s ,  but d i d  not prevent i t .  It 
was found t h a t  t h e  longe r  t h e  s u b j e c t  was recumbent, t h e  sha rpe r  was t h e  d e c l i n e  of ur ine 
f low when h e  s tood up. 
2 m l / m i n .  f o r  approximately one hour,  i n  a l l  c o n d i t i o n s ,  which was adequate f o r  t h e  aims 
o f  t h e  master  experiment (see F igure  2.6). 

One  l i t e r  o f  wa te r  was found t o  support  a d i u r e s i s  i n  excess  o f  

A 45 m i n u t e  l a t e n t  per iod preceded t h e  d i u r e s i s  
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Day Hydration Experiment Time Water Load I 
1 
2 
3 
4 
5 

6 

7 
8 
9 
9 

10 
10 
10 

- 
3 

Normal 
Normal 
Vo rma 1 
Normal 
Normal 
Yormal 
Reduced 

Reduced 
Reduced 
Normal 
Normal 

Normal 
No rmal 
Normal 

Control  b a s a l  
Con t r o  1 basa l  
I n h i b i t i o n  o f  d i u r e s i s  du r ing  e x e r c i s e  
I n h i b i t i o n  o f  d i u r e s i s  d u r i n g  exercise 
Con t r o  1 upr igh t  d i u r e  s i  s 
Control  u p r i g h t  d i u r e s i s  (d i sca rded)  
Control  recumbent (recumbency i n t e r r u p t e d  

I n h i b i t i o n  o f  d i u r e s i s  du r ing  exercise 
I n h i b i t i o n  o f  d i u r e s i s  du r ing  exercise 
Control  up r igh t  d i u r e s i s  
Control  up r igh t  d i u r e s i s  (preceded by 

Control  recumbent d i u r e s i s  
Control  recumbent d iuresi s 
Control  up r igh t  d i u r e s i s  (preceded by 

b e f o r e  wa te r  l o a d )  

s h o r t  recumbency 1 

recumbency) 

Morning 
Morn i ng 
Morning 
Afternoon 

Afternoon 
Afternoon 
Afternoon 
Morning 

Afternoon 
Morning 
Afternoon 

Afternoon 

1 l i t e r  
V, l i ter  
1 l i t e r  
V, l i t e r  

1 l i t e r  
1 l i t e r  

l i t e r  
V, l i t e r  

V, l i t e r  
V, l i t e r  
1 l i t e r  

V, l i t e r  

TAB!,E 2.3.  EXPERIMENTAL DESIGN FOR PILOT I. The experiment was designed t o  inves- 
t i g a t e  t h e  c h a r a c t e r  o f  a d i u r e s i s  produced by i n g e s t i n g  1 o r  V, l i t e r  o f  water a t  
d i f f e r e n t  times o f  t h e  day, The i n h i b i t i o n  o f  u r i n e  f low dur ing  e x e r c i s e ,  t h e  
amount o f  time necessary f o r  product ion and l e n g t h  o f  t h e  d i u r e s i s ,  and t h e  e f f e c t s  
o f  hypohydration were t h e  v a r i a b l e s  s t u d i e d ,  

i n  t h e  erect p o s i t i o n  and a 30 minute l a t e n t  p e r i o d  preceded t h e  recumbent d i u r e s i s .  
The l a t e n t  per iod was found t o  be  r e p r o d u c i b l e  wi th in  t e n  minutes  i r r e s p e c t i v e  o f  t h e  
s t a t e  o f  hydra t ion .  The use o f  e i t h e r  e x e r c i s e  o r  s t and ing  t o  i n t e r r u p t  recumbency 
caused a depres s ion  o f  u r i n e  f low w i t h i n  f i f teen  minutes.  
when i n t e r r u p t e d  by exercise was between two and t h r e e  hours  wi th  one l i t e r ,  compared 
t o  one hour d u r a t i o n  o r  less wi th  one-half l i t e r  (see F i g u r e  2 . 6 ) .  
without exercise t h e  amountof water e x c r e t e d  was la rger  than  t h e  amount consumed, whereas 
t h i s  e f f e c t  was not observed i n  t r i a l s  i n  t h e  erect pos tu re .  T h i s  response was recog- 
nized a s  t h e  sou rce  o f  a p o s s i b l e  problem i n  t h e  i n t e r f e r e n c e  wi th  hydra t ion  i n  bed rest. 
The p e r s i s t a n c e  o f  a n e g a t i v e  water ba l ance  ( u p  t o  s e v e r a l  days )  was found t o  be  d i r e c t l y  
r e l a t e d  t o  t h e  d u r a t i o n  o f  recumbency based on 24 hour pe r iods  (see F i g u r e  2.7). Water 
balance s t a b i l i z e d  a f t e r  s e v e r a l  days ,  and was no l o n g e r  reduced except  by r e s t r i c t i o n s  
of f l u i d s .  
self l i m i t i n g  once t h e  body r eaches  a minimum s t a t e  o f  hydra t ion  (see F i g u r e  2.7). 

The d u r a t i o n  o f  t h e  d i u r e s i s  

In recumbent t r i a l s  

T h i s  i s  i n  accordance wi th  t h e  theo ry  t h a t  t h e  d i u r e s i s  o f  recumbency i s  

Conclusions --- 
The g e n e r a l l y  accepted d i u r n a l  v a r i a t i o n  o f  response t o  a d i u r e s i s  produced by 

water loads ,  a s  r epor t ed  by Barclay et  a l .  (1947) was not ev iden t  i n  o u r  c a s e  s tudy ,  b u t ,  
i n s t e a d , t h e  s t a t e  o f  hydra t ion  was found t o  have t h e  s t r o n g e s t  i n f l u e n c e  on t h e  d i u r e s i s ,  
i r r e s p e c t i v e  o f  t h e  time o f  day. T h i s  was p a r t i c u l a r l y  t r u e  when t h e  e f f e c t s  o f  e x e r c i s e  
and p o s t u r e  were e l imina ted .  
requirements  o f  t h e  summer master p r o j e c t ,  i n  which renal s t u d i e s  w i l l  l a s t  from two t o  
t h r e e  hours.  As recumbency i s  prolonged, t h e r e  i s  a correspondingly la rger  i n h i b i t i o n  
o f  u r i n e  f low r a t e  when an erect p o s t u r e  i s  assumed. I t  i s  a n t i c i p s t e d  t h a t  e x e r c i s e  
i n  t h e  recumbent p o s i t i o n  w i l l  produce t h e  same effect. A w a t e r  l oad  mist be  designed 
wi th  two o b j e c t i v e s  i n  mind: 
u r i n e  c o l l e c t i o n s ,  and ( 2 )  t o  c o n t i n u e  t h e  d i u r e s i s  du r ing  and fo l lowing  e x e r c i s e  i n  
s u b j e c t s  undergoing prolonged bed rest 

A wa te r  l oad  of one l i t e r  o r  more was found t o  s a t i s f y  t h e  

(1) t o  produce adequate  u r i n e  f low f o r  f i f t e e n  m i n u t e  
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FIG. 2.6. DIURESIS PRODUCED BY TWO VOLUMES OF WATER LOADS. Three t r i a l s ,  l a b l e d  "Recumbent 
Cont ro l , "  "Upright Control ,"  and "Upright Exercise" were conducted i n  t h e  morning (upper h a l f  
o f  page) and af te rnoon ( lower h a l f )  wi th  a one h a l f  l i t e r  o r  one l i ter  d i s t i l l e d  water  load.  
Legend appears  i n  upper l e f t .  
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FIG. 2.7. PILOT I. 
s u b j e c t  on a d i e t  of  known water  con ten t  remained recumbent f o r  2-15 hours p e r  day. 
ba l ance  was determined by input-output ,  and e x t r a  r e n a l  r o u t e s  of water  e x c r e t i o n  were 
assumed t o  be cons t an t  ( f l u i d  intake-, water  balance-, hours recumbent/dayA--a. 

EFFECT OF RECUMBENCY ON THE HYDRATION OF A SINGLE SUBJECT. A s i n g l e  
Water 
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Appendix 11: P i l o t  Experiment f o r  Renal Function T e s t s  

Based on t h e  d a t a  gathered i n  t h e  f i r s t  p i l o t  experiment,  a second p i l o t  experiment 
was designed t o  fur ther  i n v e s t i g a t e  t h e  phys io log ica l  c h a r a c t e r i s t i c s  o f  water  balance 
v i z , , t h e  amount o f  f l u i d  r equ i r ed  t o  maintain wa te r  balance,  t h e  r e g u l a t i o n  o f  e l e c t r o l y t e s ,  
r e n a l  plasma flow, glomerular  f i l t r a t i o n  r a t e  and u r i n e  product ion by t h e  kidney du r ing  an 
induced d i u r e s i s ,  i nvo lv ing  recumbent, r e s t i n g ,  and e x e r c i s e  per iods.  I n  a d d i t i o n ,  t h e  
e f f e c t  o f  reduced hydra t ion  (hypohydrat ion)  on t h e  r e n a l  f u n c t i o n s  d e t a i l e d  above were a l s o  
st u li ed 

The  subsequent 27 day master  experiment was envis ioned t o  inc lude  a c o n t r o l l e d  s t a t e  
o f  hydrat ion,  i nc lud ing  d a i l y  monitor ing o f  t h e  i n t a k e  of f l u i d s  and d a i l y  c a l c u l a t i o n  o f  
water  balance.  However, t h e  measurement o f  r e n a l  f u n c t i o n  r e q u i r e s  an a r t i f i c i a l l y  induced 
d i u r e s i s ,  e i t h e r  by pharmacologic d i u r e t i c s ,  and/or  l a r g e  volumes o f  water. A method o f  
water  l oad ing  was sought t h a t  would induce a s u f f i c i e n t  u r i n e  f low f o r  c o l l e c t i o n  o f  u r i n e  
samples, ye t  would a l t e r  water ba l ance  and t h e  r e l a t e d  e l e c t r o l y t e s  minimally. The pro- 
cedures  o f  water  l oad ing  were p r o g r e s s i v e l y  r e f i n e d  with r e s p e c t  t o  m i n i m u m  volume and 
l e n g t h  of d i u r e s i s  and an optimum was determined t o  accomodate t h e  r e n a l  t e s t s  designed 
f o r  t h e  subsequent master  bed rest experiment.  

Experimental  P ro toco l  

An experimental  p ro toco l  was a l s o  sought f o r  r e n a l  func t ion  tes ts  t h a t  would adequately 
measure r e n a l  plasma f low and glomerular  f i l t r a t i o n  r a t e  i n  t h e  r e s t i n g ,  e x e r c i s e ,  and i n  a 
pest e x e r c i s e  s t a t e .  
(1) t h a t  t h e  t es t  be s h o r t  enough t o  avoid excess ive  water  l oad ing ,  and (2)  t o  s u s t a i n  a 
u r i n e  flow i n  excess  of 2 m l / m i n .  throughout t h e  tes t .  

The requirements  demanded o f  t h e  t es t  p ro toco l  were two f o l d :  

One-half t o  one and one-half  h o u r s  has been most f r e q u e n t l y  suggested i n  t h e  l i t e r a t u r e  
a s  t h e  l eng th  o f  time necessary f o r  e q u i l i b r a t i o n  o f  t h e  i n f u s i o n  chemicals ,  pa ra  amino 
h i p p u r a t e  and i n u l i n  (Smith, 1956 and Reubi, 1963). 
b r a t i o n  f o r  o u r  experimental  protocol ,  which included e x e r c i s e ,  was sought.  Prel iminary 
t e s t i n g  t o  de t e rmine  i n d i v i d u a l  work loads  and t h e  d u r a t i o n  o f  e x e r c i s e  were conducted t o  
e s t a b l i s h  e x e r c i s e  schedules  f o r  t h e  s u b j e c t s  i n  t h e  subsequent master  bed rest  experiment.  

The m i n i m u m  time needed f o r  e q u i l i -  

A l l  o f  t h e  planned procedures  were t e s t e d  and s o l u t i o n s  f o r  problems, such a s  mictur-  
a t i o n  and complete vo id ing  o f  t h e  b l adde r  i n  t h e  recumbent p o s i t i o n ,  t r a n s p o r t i n g ,  e x e r c i s i n g  
and weighing of s u b j e c t s  confined t o  recumbency, were f i n a l i z e d .  A l l  new equipment and 
a n a l y t i c a l  procedures  were c a l i b r a t e d  and v a l i d a t e d ,  r e s p e c t i v e l y .  

Experimental Design 

P i l o t  I1 c o n s i s t e d  o f  f i v e  s e r i a l  experiments ,  i nvo lv ing  seven of t h e  ten s u b j e c t s  
screened f o r  t h e  master  experiment.  
ments, one o f  whom was r ep laced  by a f i f t h  s u b j e c t  on t h e  l a s t  weekend. 
s u b j e c t s  p a r t i c i p a t e d  i n  t h e  f i f t h  experiment , which c o n s i s t e d  o f  t h e  r ev i sed  and f i n a l i z e d  
procedure f o r  r e n a l  f u n c t i o n  tes ts  du r ing  recumbent e x e r c i s e .  

Four s u b j e c t s  p a r t i c i p a t e d  i n  t h e  f i r s t  f o u r  expe r i -  
The o t h e r  two 

Experimental  Procedures  

A l l  s u b j e c t s  served a s  t h e i r  own c o n t r o l s  f o r  a 24 hour record o f  f l u i d  and food 
i n t a k e  and urine ou tpu t  before  each weekend experiment. 
and phys ica l  a c t i v i t y  f o r  t h e  F r i d a y s  preceding t h e  weekend, and du r ing  t h e  fol lowing 
Saturday and Sunday, on s t anda rd  forms. 
placed on a d i e t  w i t h  a reduced water  c o n t e n t ,  i.e., were hypohydrated f o r  t hose  experiments.  
Each experiment i s  d e t a i l e d  i n  t h e  P i l o t  I1 experimental  des ign  shown i n  Table  2.4.  

They recorded d i e t ,  u r i n e  volume 

During t h e  f i r s t  t h r e e  weekends, two s u b j e c t s  were 

Diuresis t r i a l s  l a s t e d  f o r  t h r e e  t o  f o u r  hours and included 15 m i n u t e  c l e a r a n c e  
pe r iods .  D i s t i l l e d  wa te r  l oads  s y s t e m a t i c a l l y  v a r i e d  from 800 m l  t o  1300 m l  ( a s  i nd ica t ed  
i n  F igu re  2.8)  were used. 
l e a n  body mass ( u s i n g  62.5 kg a s  a s t anda rd  v a l u e )  i n  o r d e r  t o  a l l o t  a commensurate deg ree  

The voluae o f  t h e  water  load was c o r r e c t e d  w i t h  t h e  s u b j e c t ' s  
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Weekend Experiment Purpose 

1 Upright Control  Diuresis produced i n  up r igh t  p o s i t  ion w i t h  
d i f f e r e n t  l oads  o f  water and i n  d i f f e r e n t  
s t a t e s  of  hydrat ion.  E l e c t r o l y t e  excre- 
t i o n  measured. 

2 Recumbent Exe rc i se  I n t e r r u p t i o n  o f  recumbent d i u r e s i s  with 
exercise, d i f f e r e n t  loads o f  water  and 
va ry ing  s l a t e s  o f  hydrat ion.  E l e c t r o l y t e  
e x c r e t i o n  measured. C r e a t i n i n e  c l ea rances  
measured. 

3 Erect -Recumbent Measure of r e n a l  plasma flow a s  a f f e c t e d  
Renal Function by pos tu re ;  experimental  t echn iques  and 

procedures  f o r  r ena l  func t ion  tes t s .  

1 Recumbent Exe rc i se  Measure of r ena l  p l a saa  flow a s  a f f e c t e d  
w i t h  Renal Tes t  by e x e r c i s e ;  t e s t i n g  procedure du r ing  

exerc i s e. 

5 Fina l  Revised Complete in fus ion  and e x e r c i s e  t es t s  i n  
Recumbent Exe rc i se  f i n a l i z e d  p ro toco l .  

TABLE 2.1 PILOT I 1  EXPERIMENTAL DESIGN. F ive  weekend experiments were designed 
t o  i n v e s t i g a t e  v a r i o u s  procedures  o f  t h e  master  experiment,  viz. ,recumbent exer- 
c i s e  3n an ergometer,  u r i n a t i o n  and complete voiding o f  t h e  b l adde r ,  and response 
t o  v a r i o u s  water  loads.  I n  a d d i t i o n ,  a format f o r  a r e n a l  func t ion  t e s t  t o  be 
performed on s i x  occasions by a l l  s u b j e c t s  was designed and t e s t e d  f o r  p r a c t i c -  

a a b i l i t y .  

o f  water load t o  each sub jec t  i r r e s p e c t i v e  of s i z e .  Sodium, potassium and c h l o r i d e  were 
aeasured i n  p r e - d i u r e s i s ,  diuresis and p o s t - d i u r e s i s  urines i n  t h e  f i r s t  two experiments ,  
w h i c h  served t o  s t a n d a r d i z e  the experimental  water  load volumes and t o  i n v e s t i g a t e  u r i n a r y  
e l e c t r o l y t e  exc re t ion .  

I n  t h e  t h i r d  experiment, r e n a l  plasma f low was measured i n  both the u p r i g h t  and 
recumbent p o s i t i o n s  t o  o b t a i n  a c o n t r o l  r e f e r e n c e  f o r  technique and procedure f o r  t h e  
r e n a l  func t ion  tests,  After t h e  priming dose  was adminis tered,  a Sage cons t an t  i n fus ion  
pump was used t o  s u s t a i n  blood l e v e l s  of pa ra  amino h i p p u r a t e  (PAH) (see Appendix 111) .  
The concen t r a t ion  o f  priming and s u s t a i n i n g  i n f u s a t e  was c a l c u l a t e d  on the  b a s i s  of l ean  
body mass, r a t h e r  than the more convent ional  use o f  body s u r f a c e  a r e a  f o r  t h i s  s t anda rd iza -  
t i o n .  The concen t r a t ion  o f  o r i g i n a l  i n f u s i o n  dose  was based on the  obse rva t ions  o f  
Reubi (19631, but fo l lowing  t h e  i n i t i a l  t r i a l s ,  was found t o  be too high i n  young s u b j e c t s  
and hence, was subsequent ly  reduced. 
1% inch Gelco (Roches t e r )  c a t h e t e r .  

Blood was withdrawn from an indwe l l ing  18 gauge 

Seven 15 ainute c l e a r a n c e  pe r iods  were conducted i n  t h e  f o u r t h  and f i f t h  experiments ,  
which served t o  f i n a l i z e  the r e n a l  f u n c t i o n  test p ro toco l .  Blood was drawn every 15 m i n u t e s  
t o  fol low PAH concen t r a t ion  d u r i n g  t h e  e q u i l i b r a t i o n  per iod,  and t o  determine t h e  e a r l i e s t  
time a t  which t h e  blood PAH l e v e l  was s t a b l e .  
recumbent p o s i t i o n ,  bu t ,  i f  t hey  could not ,  they were allowed t o  s tand f o r  three c l e a r a n c e s  
on ly ,  v i z .  , p reced ing  e x e r c i s e ,  a f t e r  exercise, and a t  t h e  t e rmina t ion  o f  t h e  in fus ion .  
llnder t h e  l a t t e r  c i rcumstaqces,  t h e  remaining f o u r  scheduled u r i n a t i o n s  wwe omittc!d. 

The s u b j e c t s  were asked t o  u r i n a t e  i n  t h e  

P r i o r  t o  t h e  second experiment,  which was d.esigned t o  a s s e s s  t h e  effcct o f  recumtwnt 
e x e r c i s e  on a d i u r e s i s ,  t h e  f i r s t  f i v e  s u b j e c t s  were exe rc i sed  i n  t h e  s i t l i n g  p o s i t i o n  on 
a Monark b i c y c l e  ergometer a t  a f i xed  load o f  750 Kpa f o r  f i v e  minutes. 
pulmonary v e n t i l a t i o n  and oxygen consumption were measured du r ing  t h e  r i d e .  . 

llcart r a t e ,  
T h e  hcari  
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r a t e  was a l s o  monitored du r ing  the subsequent f i v e  m i n u t e  recovery.  Based on t h e  e x e r c i s e  
and recovery h e a r t  r a t e s ,  a l e v e l  o f  1053 o r  1200 Kpm was s e l e c t e d  f o r  a second f i v e  m i n u t e  
ride. The d a t a  a n a l y s i s  made i t  q u i t e  c l e a r  t h a t  t h e  750 Kpm load was aubinaximal f o r  a l l  
s u b j e c t s ,  and could be cont inued f o r  an extended per iod o f  time wit'lout diminished perfor-  
mance, w h i l e  t he  h e a v i e r  l oads  brought t h e  s u b j e c t s  above s t e a d y - s t a t e  va lues ,  Consequently, 
t he  m i n i m u m  h o r i z o n t a l  exercise load was set a t  750 Kpm f o r  recumbent e x e r c i s e .  The l e n g t h  
o f  e x e r c i s e  i n  t h e  second and f o u r t h  experiment was 15 minutes ,  but was extended t o  30 m i n -  
utes i n  t h e  f i f t h  experiment. During t h e s e  experiments ,  a s t anda rd  C o l l i n s  ergometer 
( e l e c t r i c a l l y  braked) ,  modified f o r  use i.n h o r i z o n t a l  e x e r c i s e ,  and supported on a custom 
made metal  a d j u s t a b l e  frame, was used. During e x e r c i s e ,  t h e  s u b j e c t s  were placed on a 
t r a i n i n g  t a b l e  w i t h  shoulder  b races  f o r  suppor t ,  which prevented their  s l i d i n g  backwards 
w h i l e  peddling. The s u b j e c t s  were weighed be fo re  and a f t e r  e x e r c i s e ,  and t r anspor t ed  i n  
t h e  recumbent p o s i t i o n  on a p o r t a b l e  Fairbanks-Morse mobile in-bed s c a l e  w i t h  hydrau l i c  
l i f t .  

Results 

Conclusions based on P i l o t  I were confirmed, i.e., t h e  water  l oad  found t o  be most 
e f f e c t i v e  was 800 m l  ( c o r r e c t e d  f o r  l e a n  body mass) and taken 30 t o  45 m i n u t e s  be fo re  t h e  
d i u r e s i s ,  w i t h  a second load o f  500 m l  taken immediately be fo re  e x e r c i s e .  The d i u r e s i s  
t h a t  r e s u l t e d  was approximately two and one-half hours i n  d u r a t i o n ,  and ended r a t h e r  
a b r u p t l y  (see F igure  2.8). 
but d i d  not de l ay  t h e  onset  o f  d i u r e s i s  o r  a l t e r  t h e  observed time p a t t e r n .  

The  hypohydrated s t a t e s  caused u r i n e  f low r a t e  t o  be reduced, 
Therefore ,  

Upright Diuresis 

u r i n e l  f low 
(al /min 1 

Recumbent Diuresis 

u r i n e  f low 
( m l  / m i  n 1 

I \ t I \ 

I.--- 

Recumbent Diuresis 
w i t h  Exe rc i se  

u r i n e  flow 
( m l / m i  n 1 

. 5  1.5 2.5 .5 1.5 2.5 .5  > *  1.5 2.5 
hours pos t  wa te r  l oad  

FIG. 2.8. 
LITER OF WATER. 
Two s u b j e c t s  i n  each experiment were i n  a s t a t e  o f  reduced hydrat ion broduced by r e s t r i c t i o n  
o f  f l u i d s  f o r  one day (normal hydra t ion  wi th  800 m l  water  load- , normal hydrat ion w i t h  
1300 a1 water  l oad  - - o - ~  hypohydrated wi th  803 91 water  load... . . . .  , hypohydrated w i t h  1303 m l  
wate r  load - - 0 .  - 1. 

PILOT 11. AVERAGE URINE FLOW OF SIX SUBJECTS FOLLOWING THE INGESl'ION OF 1 OR & 
A d i u r e s i s  was produced by i n g e s t i n g  water  l oads  i n  v a r i o u s  cond i t ions .  
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t h e  a n t i c i p a t e d  r educ t ion  o f  hydrat ion i n  bed rest  would not n e c e s s i t a t e  any a l t e r a t i o n  of 
p ro toco l .  Sodium l o s s  was found t o  be g r e a t e s t  i n  t h e  f i r s t  half-hour  ( excess  o f  100 mEq/ 
l i t e r )  and decreased from 50 t o  90 ps rcen t  i n  t h e  subsequent measurement pe r iods  encompassing 
two hours. Th i s  i s  i n  gene ra l  agreement w i t h  t he  f i n d i n g s  o f  o t h e r  a u t h o r s  (Rosenbaum 
-- et &., 1933; H u l e t  and Smith, 1961). 

I t  was observed t h a t  t h e  s u b j e c t s  who were capable  o f  emptying t h e i r  b l adde r s  i n  t h e  
e r e c t  p o s i t i o n ,  a l s o  c o n s i s t e n t l y  voided completely i n  the recumbent p o s i t i o n .  O n e  sub jec t  
who, upon occas ion ,  d i d  not completely void i n  the e r e c t  pos tu re ,  a l s o  had incomplete 
in i c tu ra t ions  s e v e r a l  times i n  t h e  recumbent experiments.  Two s u b j e c t s  who had d i f f i c u l t y  
i n  voiding on a 15 m i n u t e  schedxle  i n  t h e  up r igh t  experiments ,  subsequent ly  were found t o  
be anab le  t o  void w i t h i n  t h a t  schedule  i n  t h e  recumbent experiments.  A number o f  approaches 
were t r i e d  t o  s t i m u l a t e  m i c t u r a t i o n ,  but a l l  proved unsuccessful .  

The  u s e  of l e a n  body mass a s  a b a s i s  f o r  c a l c u l a t i n g  i n f u s a t e  c o n c e n t r a t i o n s  y i e lded  
f a i r l y  c o n s i s t e n t  blood c o n c e n t r a t i o n s  o f  PAH wi th in  0.5 mg% i n  a l l  s u b j e c t s  (who v a r i e d  
i n  body weight from 58 Kg t o  82 Kg). 
minutes ,  cons ide rab ly  s h o r t e r  than t h e  e q u i l i b r a t i o n  times observed by S n i t h  (1956) and 
Reubi (1963 1 .  

The c o n c e n t r a t i o n s  were found t o  s t a b i l i z e  i n  15 

Renal plasma f low decreased by 10 t o  40 percent  when t h e  s u b j e c t s  changed from a 
recumbent t o  an e r e c t  pos tu re .  A less v a r i a b l e  drop of 30 t o  40 percent  o f  RPF was 
observed fo l lowing  e i the r  15 o r  30 minutes o f  e x e r c i s e  a t  a work load of 750 Kpm. 
c r e a t i n i n e  c l e a r a n c e s  were cons t an t  w i t h i n  10 m l / m i n .  a t  t h i s  load. 
agreement w i t h  t h e  o b s e r v a t i o n s  o f  Grimby (1965). 

Endogenous 
These f i n d i n g s  a r e  i n  

The  work load o f  750 Kpm was w e l l  t o l e r a t e d  by a l l  but t h e  sma l l e s t  s u b j e c t  (body 
weight o f  58 Kg), who complained o f  l e g  f a t i g u e  midway through one o f  t h e  e x e r c i s e  t e s t s .  
I n  a l l  s u b j e c t s ,  h e a r t  r a t e s ,  pulmonary v e n t i l a t i o n  and oxygen i n t a k e  r o s e  t o  submaximal 
l e v e l s  w i t h i n  f i v e  minutes and remained e s s e n t i a l l y  t h e  sane f o r  t h e  d u r a t i o n  o f  t h e  
h o r i z o n t a l  r i d e .  The h e a r t  r a t e s  v a r i e d  from 100-140 beats/min among t h e  f i v e  s u b j e c t s ,  
i n d i c a t i n g  t h a t  t h e  l a r g e r ,  s t r o n g e r  s u b j e c t s  might well t o l e r a t e  h ighe r  l oads  f o r  extended 
pe r iods  of time. S ince  t h e  h e a r t  r a t e s  and oxygen i n t a k e  l e v e l e d  o f f  a t  submaximal v a l u e s ,  
it, was c l e a r  t h a t  a l onge r  e x e r c i s e  bout a t ,  .or nea r ,  t h i s  load was p o s s i b l e  f o r  t h e s e  
s u b j e c t s .  

Conclusion g 

T h e  f i n a l  r e n a l  func t ion  t e s t i n g  procedure can be l i m i t e d  t o  a 15 m i n u t e  e q u i l i b r a t i o n  
pe r iod ,  followed by two 15 minute p re -exe rc i se  r e s t i n g  c l e a r a n c e s .  
e x e r c i s e  bes t  s a t i s f i e s  t h e  aims o f  t h e  master  experiment;  hence, a 30 m i n u t e  e x e r c i s e  
du r ing  i n f u s i o n  w i l l  f o l low t h e  p re -exe rc i se  c l ea rances .  Because recovery from e x e r c i s e  
was r a r e l y  complete a f t e r  30 m i n u t e s  pos t - exe rc i se ,  t h e  pos t - exe rc i se  c l e a r a n c e s  should 
be o f  15 m i n u t e s  d u r a t i o n ,  followed by one o f  30 minutes ,  making a t o t a l  time o f  two hours.  

A 30 m i n u t e  bout of 

W i t h  t h e  d a t a  av ; i i l ab le ,  wa te r  ba l ance  can be c a l c u l a t e d  f o r  each s u b j e c t  du r ing  t h e  
f i r s t  few days of t h e  e q u i l i b r a t i o n  p e r i o d ,  and s u f f i c i e n t  water  w i l l  be supplemented i n  
t h e  d i e t  t h e  fo l lowing  days t o  r e p l a c e  24 hour i n s e n s i b l e  wa te r  l o s s ,  a c t i v e  p e r s p i r a t i o n  
water  l o s s ,  and u r i n e  l o s s  a s  measured du r ing  t h e  f i r s t  days of e q u i l i b r a t i o n .  
rest water  allowance w i l l  be a l t e r e d  t o  r e p l a c e  t h e  wa te r  l o s s  by t h o s e  same rou te s .  
al lowances w i l l  be a l t e r e d  on ly  on days o f  i n f u s i o n  when an e x t r a  1300 m l  w i l l  be added t o  
t h e  d i e t .  

The bed 
Water 

Those s u b j e c t s  who were not a b l e  t o  void f r e q u e n t l y  w i l l  s e r v e  a s  c o n t r o l  s u b j e c t s ,  
s i n c e  on ly  two c l e a r a n c e s  a r e  r equ i r ed  on each i n f u s i o n  du r ing  bed res t ,  and w i l l  s e r v e  
a s  a measure i n  changes o f  RPF and GFR i n  t h e  non-exercising bed rest c o n t r o l s .  

A l l  s u b j e c t s  who d i d  not p a r t i c i p a t e  i n  t h e  p i l o t  experiment w i l l  undergo prel iminary 
d i u r e s i s  t r i a l s  f o r  t h e  purpose o f  d e t e c t i o n  o f  incomplete b l adde r  vo id ing ,  and f o r  p r a c t i c e  
o f  m i c t u r a t i n g  i n  t h e  recumbent p o s i t i o n .  
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Appendix I11 : Experimental  Pro tocol  Cor Renal Function T e s t s  and Exerc ise  Metabolism 

O n  days 10, 12 ,  15, 19, 21, and 27, a s tandard  b a t t e r y  o f  t es t s  was r u n  from 0703 t o  
1230. 
15 t o  45 m i n u t e s  a p a r t .  The i n t e r v a l s  were a l s o  spaced t o  a l low t h e  use o f  two i n f u s i o n  
pumps and one e x e r c i s e  appara tus  by a s  many as f o u r  s u b j e c t s .  
awakened a t  0600, and a basa l  metabolism was r u n  (see sample form e n t i t l e d  "Infusion:  
I n s t r u c t i o n s  f o r  F i r s t  Exerc iser" . )  Following t h e  metabolism tes t ,  t h e  s u b j e c t  was trans- 
f e r r e d  t o  a mobile surg ica lguerney  and t r a n s p o r t e d  t o  t h e  experimental  room. His morning 
ur ine  was c o l l e c t e d ,  body weight recorded,  and he was given 800 m l  o f  d i s t i l l e d  water  t o  
d r i n k  by 0715.1 The phys ic ian  a r r i v e d  a t  0715 and t h e  necessary  i n j e c t i o n s  and i n f u s i o n  
equipment were prepared.  The equipment, chemical a g e n t s ,  and s u p p l i e s  were t h e n  l a i d  out  
i n  o r d e r  of  the i r  use. 
approximately 21 m l  o f  blood ( t h i s  sample provided t h e  serum blanks f o r  1-131, T20, PAN, 
and i n u l i n ) ,  and then  c losed  t h e  c a t h e t e r  wi th  a s t y l e t .  Following the placement of  t h e  
indwel l ing  c a t h e t e r ,  t h e  phys ic ian  i n s e r t e d  a 20 gauge, 1 inch  needle  i n t o  t h e  o p p o s i t e  
arm, i n j e c t e d  t h e  1-131 and f l u s h e d  i t  a t  l e a s t  twice.  A timer was s t a r t e d  immediately 
a f t e r  t h e  i n i t i a l  i n j e c t i o n .  The s y r i n g e  b a r r e l  was removed wi th  t h e  needle  l e f t  i n  t h e  
arm, and was rep laced  by t h e  T20 s y r i n g e  ( t h e  s u b j e c t  e l e v a t e d  h i s  arm t o  prevent  back 
f low o f  blood) .  A f t e r  t h e  T20 was i n j e c t e d ,  t h e  pr imer  s y r i n g e  wi th  t h e  ex tens ion  t u b i n g  
a t t a c h e d  was i n s e r t e d  and t h e  PAH and i n u l i n  s o l u t i o n s  were i n j e c t e d .  The s y r i n g e  was 
t h e n  r e f i l l e d  with t h e  s u s t a i n i n g  i n f u s a t e  by an I.V. s a l i n e  b o t t l e  (wi th  premixed i n u l i n  
and PA91 wi th  an ex tens ion  t u b e ,  and t h e  s y r i n g e  then  placed i n  t h e  p m p  and t h e  s u s t a i n i n g  
i n f u s i o n  i n i t i a t e d .  An 1-131 blood sample was drawn from t h e  c a t h e t e r  ten minutes  l a t e r .  
T h i r t y  minutes  l a t e r  t h e  r e n a l  i n f u s i o n  tes t  was begun w i t h t h e  i n f u s i o n  PAH-inulin now i n  
e q u i l i b r i u m  i n  t h e  blood, and wi th  any pa in  p r e c i p i t a t e d  by t h e  c a t h e t e r  placement now 
subsided.  The s u b j e c t  voided h i s  b l a d d e r  and a c lock was s t a r t e d .  Two c l e a r a n c e s  l a t e r  
(each of  15 minutes ,  wi th  a blood sample drawn from t h e  c a t h e t e r  a t  t h e  midpoint o f  t he  
p e r i o d ,  i .e.,  a t  8 m i n .  and a t  23 m i n . )  e x e r c i s e  was begun. The s u b j e c t  was placed on 
t h e  e x e r c i s e  t a b l e  s e v e r a l  minutes  i n  advance o f  t h e  exercise bout ,  drank 500 .nl d i s t i l l e d  
water ,  u r i n a t e d  f o r  t h e  second pre-exerc ise  c l e a r a n c e ,  and immediately began t o  e x e r c i s e  
wi th  t h e  r e s p i r a t o r y  appara tus  i n  place.  
c o l l e c t e d  a t  10 m i n u t e  i n t e r v a l s  throughout t h e  e x e r c i s e  bout.  The s u b j e c t  immediately 
u r i n a t e d  a t  t h e  end o f  e x e r c i s e  and was t r a n s f e r r e d  aga in  t o  h i s  bed. 
e x e r c i s e  and a t  45 minutes  pos t -exerc ise ,  he  completed two more c learances .  
samples were taken  from t h e  c a t h e t e r  a t  2,  3, and 4 hour post  i n j e c t i o n  i n t e r v a l s .  

To minimize t h e  p h y s i c i a n ' s  time, t h e  t e s t i n g  b a t t e r y  f o r  each s u b j e c t  was i n i t i a t e d  

The f i r s t  subjec t  was 

A t  0730, t h e  phys ic ian  placed the  indwel l ing  c a t h e t e r  and withdrew 

He e x e r c i s e d  f o r  30 minutes  wi th  gas  samples 

A t  15 m i n u t e s  pos t -  
T20 blood 

Because o f  t h e  many procedura l  compl ica t ions  d u r i n g  t h e  r e n a l  f u n c t i o n  tes ts ,  such 

1) i n  t h e  event  of  a de lay ,  t o  proceed wi th  t h e  
a s  occas iona l  c l o t t e d  c a t h e t e r s ,  i n a b i l i t y  t o  urjnate on schedule ,  e t c . ,  a system was 
f i n a l i z e d  wi th  t h r e e  major  o b j e c t i v e s :  
tes t  as designed without  i n t e r r u p t i n g  the  proper  i n t e r v a l s ,  2 )  t o  i n s u r e  t h a t  a f i x e d  
schedule  was followed wi th  r e s p e c t  t o  t h e  ent i re  experiment,  ie., wi th  r e s p e c t  t o  m u l t i p l e  
s u b j e c t  use o f  t h e  e x e r c i s e  appara tus  and i n f u s i o n  pumps w i t h i n  a s i n g l e  morning, and 3) 
t o  insure t h a t  t h e  a c t u a l  time (more o r  less than  t h e  scheduled time, e.g., 15 minutes f o r  
a pre-exerc ise  c l e a r a n c e )  was known. 

Three c lock  time n o t a t i o n s  were r o u t i n e l y  employed ( r e f e r  t o  sample i n s t r u c t i o n  forms 
nuabers 1 and 2) .  
t h e  experiment;  it was turned  o f f  whenever t h e r e  was a d e l a y  p a s t  t h e  scheduled time, per- 
m i t t i n g  t h e  subsequent  tes ts  t o  proceed on t h e  e s t a b l i s h e d  time i n t e r v a l .  The t e n t a t i v e  
c lock  time was used only  a s  a r e f e r e n c e ,  t o  i n s u r e  t h a t  l a t e r  s u b j e c t s  would not have t o  
wai t  f o r  t h e  e x e r c i s e  appara tus ,  o r  t h e  i n f u s i o n  pump. I t  should be re-eaphasized t h a t  
t h e  i n t r i c a c y  o f  t h e  t iming  was extremely c r i t i c a l ,  s i n c e  exac t  water  l o a d s  were c a l c u l a t e d  
v e r y  c a r e f u l l y  (see Appendices I and 11) t o  produce a d i u r e s i s  o f  d e s i r e d  d u r a t i o n ,  wi th  an 
e s t a b l i s h e d  l a g  phase p r i o r  t o  t h e  o n s e t  o f  d i u r e s i s .  Hence, any d e l a y  i n  t h e  procedure 

The s u b j e c t  c lock  time refers t o  t h e  timer s t a r t e d  a t  t h e  beginning o f  

'The amount o f  water consumed was 800 m l  x C5M o f  sub.ject. A l l  adminis tered 
62.5 KW 

subs tances  were c o r r e c t e d  by t h i s  formula,  u s i n g  62.5 Kg as t h e  cons tan t  f o r  t h e  average 
LBU . 
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FIG. 2.9. 
guage Gelco c a t h e t e r  (B) 30 minutes  o r  more b e f o r e  t h e  f i r s t  c learance .  
needle  was p laced  i n  a v e i n  o f  t h e  o p p o s i t e  arm. 
FIG. 2.10) from a 50 m l  s y r i n g e  through an ex tens ion  t u b e  (C) connected t o  t h e  needle.  
s y r i n g e  was d isconnec ted  from t h e  ex tens ion  t u b e  and was r e f i l l e d  wi th  t h e  s u s t a i n i n g  i n f u s i o n  
f l u i d  ( E ) .  
a t  t h e  r a t e  o f  1,64 ml/min by .a  Sage pump (A). 
Kodak timer (D). 

APPARATUS FOR RENAL FUNCCION TESTS. The tes ts  began wi th  t h e  i n s e r t i o n  of  an 18 

A pr iming s o l u t i o n  was adminis tered (see 
A 20 guage one inch  

The 

The ex tens ion  t u b e  was reconnected and t h e  i n f u s a t e  was d e l i v e r e d  i n t r a v e n o u s l y  
I n t e r v a l s  d u r i n g  t h e  tes ts  were timed wi th  a 
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could cause t h e  s u b j e c t  t o  "run dry" o f  u r i n e  and g r e a t l y  complicate  i f  not  o b v i a t e  t h e  
a c c u r a t e  de te rmina t ion  o f  r e n a l  func t ion .  I n h e r e n t  e r r o r s  i n  non-catherized u r i n e  c o l l e c t i o n  
n e c e s s i t a t e d  s u f f i c i e n t l y  l a r g e  volumes t o  avoid t h i s  problem, and t h e r e f o r e  t h e  opt imal  
u r i n e  f low which was designed t o  l as t  w2 hours  had t o  l a s t  t h e  d u r a t i o n  o f  t h e  test .  
experimental  c lock  time was t h e  e lapsed  time recorded between c l e a r a n c e s  and procedures ,  
i r r e s p e c t i v e  o f  de lays .  
t h e  c o l l e c t i o n  were taken  t o  a c e n t r a l  c o l l e c t i o n  room ( d i r e c t l y  a c r o s s  t h e  h a l l )  and given 
t o  a t e c h n i c i a n ,  who recorded t h e  time o f  c o l l e c t i o n  (as a double  check) ,  t h e  name of  t h e  
s u b j e c t ,  t h e  volume o f  t h e  sample, and a l i q u o t e d  t h e  sample i n t o  prev ious ly  prepared v i a l s  
and t u b e s  f o r  subsequent l a b o r a t o r y  analyses .  
t h i s  d a t a  i s  inc luded  (see form number 3) .  

The 

It was recorded as each sample was c o l l e c t e d .  The samples fo l lowing  

An example o f  t h e  form used f o r  record ing  

FIG, 2.10. 
i n s e r t e d  i n  t h e  l e f t  arm and t h e  pr iming s o l u t i o n  was infused  from a 50 m l  s y r i n g e  (upper  l e f t ) .  
After t h e  s y r i n g e  was emptied,  it was r e f i l l e d  by a t t a c h i n g  t h e  e x t e n t i o n  t u b e  t o  an I .V .  s a l i n e  
b o t t l e  c o n t a i n i n g  t h e  s u s t a i n i n g  s o l u t i o n  (next  t o  i n f u s i o n  pump). 

INJECTION OF THE PRIMING DOSE OF PARA AMINO HIPPURATE AND I N U L I N .  A 20 guage needle  was 

\ 
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NASA P r o j e c t  
SJmqer 1967 

I n f u s i o n :  I n s t r u c t i o n s  f o r  F i r s t  Exe rc i se r  

Form Number 1 

Subject Tent.  Expt '1 
Clock Time Clock 

6:15 

6:35 

6:40 

7:05 

7:15 

35 7:20 

45 7:39 

(1115 8:OO 

(1122 8 :07 

(1 130 8:15 

(1137 8:22 

( 1 140 8:25 

(1 145 8:30 

(2100 8:50 

(2115 9:05 

(2122 9:12 

(2130 9:20 

(2145 9:35 

(3100 9:50 

10:12 

Basal metabolism, basa l  u r i n e  specimen and weight. 

Begin water load - d r i n k  slowly. 

(Push bed i n t o  verlous flow room, nea res t  t o  t h e  door ,  
f o r  two o r  three e x e r c i s e r s .  1 

Take u r i n e  blank f o r  rena l  f u n c t i o n ,  s e t  clock a t  35. 

I n s e r t  Rochester c a t h e t e r ,  withdraw blank f o r  1-131, 
r e n a l  func t ion  - 21 m l .  

I n j e c t  1-131, T20, t u r n  on c lock ,  followed by i n u l i n ,  
PAH primer,  followed by in fus ion .  

Withdraw 1-131 sample w i t h  heparinized sy r inge  - 9 m l .  

Void b l adde r ,  e q u i l i b r a t i o n  u r i n e  - t u r n  o f f  clock and 
s e t  a t  15 - do not s t a r t  clock u n t i l  u r i n e  i s  ob ta ined .  

. 

Pre Ex I plasma - 5 m l .  

Pre Ex I u r i n e  - a f t e r  u r i n e ,  p l ace  sub jec t  on  s c a l e ,  
i n  prone p o s i t i o n .  

Pre Ex I1 plasma - 5 m l .  

Weigh s u b j e c t ,  t h e n  g i v e  second p a r t  of water - d r i n k  f a s t .  

P re  Ex I1 u r i n e  - t u r n  o f f  c lock ,  set a t  45, s t a r t  clock 
a f t e r  u r i n e  i s  obtained and when e x e r c i s e  has begun. 

Exe rc i se  plasma - 5 ml. 

Exerc i se  ends,  t u r n  o f f  c lock ,  p l ace  subjec t  on s c a l e ,  
u r i n a t e  - term e x e r c i s e .  S t a r t  clock when s u b j e c t  
u r i n a t e s .  Take weight a f t e r  subjec t  u r i n a t e s ,  remove 
from s c a l e  a f t e r  weight.  

Post Ex I plasma and serum and f i r s t  T20 - 15 m l .  

Post Ex I u r i n e  

Post Ex I1 plasma - 5 m l .  

Post Ex I1 u r i n e  - do not t u r n  o f f  pump u n t i l  ge t  u r ine .  
(Afterwards remove s u b j e c t  from room and return t o  oppos i t e  
ward of t h i r d  e x e r c i s e r  - f o r  three e x e r c i s e r s . )  

Second T20 plasma - 3 m l .  
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NASA P r o j e c t  
Summer 1967 

Subject 
Clock 

35 

45 

(1115 

(1 122 

(1,)30 

(1137 

(1 145 

(2100 

(2115 

(2122 

(2130 

(2145 

(3100 

T e n t .  
Time 

7:OO 

7:40 

7:50 

8:15 

8:25 

8:30 

8 :40 

9:lO 

9:17 

9:25 

9:32 

9:40 

1o:oo 
10:15 

10:22 

10:30 

10:45 

11 :oo 

11 :22 

I n f u s i o n :  I n s t r u c t i o n s  f o r  Second Exerc i se r  

Form Number 2 

Expt ' 1 
Clock 

Basal metabolism, basa l  u r i n e  specimen and weight. 

Begin water load - d r i n k  slowly. 

Push bed i n t o  venous flow room,far thest  from t h e  door .  

Take u r i n e  blank f o r  r e n a l  f u n c t i o n ,  set clock a t  35. 

I n s e r t  Rochester,  withdraw blank f o r  1-131, renal  
func t ion  - 21 m l .  

I n j e c t  1-131, T20, s t a r t  c lock ,  followed by in fus ion  
pr imer ,  followed by s u s t a i n i n g  in fus ion  pump. 

Withdraw 1-131 sample w i t h  heparinized sy r inge  - 9 m l .  

E q u i l i b r a t i o n  urine - t u r n  o f f  clock and s e t  a t  1 5  - 
s t a r t  clock a f t e r  u r i n e  i s  obtained.  

Pre Ex I plasma - 5 m l .  

Pre Ex I u r i n e ,  a f t e r  urine p lace  s u b j e c t  on  s c a l e ,  
i n  prone p,osi t ion.  

Pre Ex I1 plasma - 5 m l . ,  a f t e rwards  ge t  weight of 
s u b j e c t ,  then begin second water  load - d r i n k  f a s t .  

Pre Ex I1 u r i n e  - t u r n  o f f  c lock and s e t  a t  45, immediately 
a f t e r  u r i n e  p l a c e  on e x e r c i s e  s t a n d ,  begin e x e r c i s e  and 
s t  a r t  c lock.  

Exe rc i se  plasma - 5 m l .  

Exercise  ends - t u r n  o f f  c lock ,  p l ace  sub jec t  on s c a l e ,  
c o l l e c t  u r i n e  (term e x e r c i s e )  and t u r n  on clock a f t e r  
u r i n e .  Get weight next. Remove from s c a l e .  

Post Ex I plasma, serum and f i r s t  T20 plasma - 15 m l .  

Post  Ex I u r i n e .  

Post Ex I1 plasma 

Post Ex I1 u r i n e  - do not t u r n  o f f  pump u n t i l  u r i n e  
is c o l l e c t e d .  

Second T20 plasma - 3 m l .  
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NASA Pro jec t  
Sumaer 1967 

Renal Funct ion and Exerc ise  

Form Number 3 
Name 

Exp't  day 
Date 

Subject  - 

meet Time 
( 0 ) T  - 

W t  before  exer .  
Exp ' t  time 
W t  a f t e r  exer. 
Exp't  time - 

Water Drank: 
500 (1) 0 
500 ( 2 )  30 
Period S i h j e c t  Time 

Respi ra tory  Gas: Basal ( 0 )  0 - ( 0 )  20 
Exerc ise  ( 2 )  45 - (3)  15 

U R I N E  
T e n t  a t  i v e  Expt ' 1 S ib j  e c t  

Time Time Clock Label Volume Rate Notes 

( 2 )  0 B1 ank 

( 2 )  15 Equi 1 

( 2 )  30 Pre  Exer I 

( 2 )  45 P r e  Exer I1 

No Lab Analysis  

( 3 )  15 Term Exer 

( 3 )  30 Post Exer I 

( 4 )  0 Post Exer I1 

BLOOD 

T e n t a t i v e  E x p t ' l  Subject  Vo 1 ume Vo 1 ume 
Time Time Clock Label Drawn Measure Notes 

( 2 )  0 Blank 12 m l  5 a1 P; 7 m l  S; Htc 

( 2 )  22 Pre Exer I 5 m l  

( 2 )  37 Pre Exer I1 5 m l  

(3) 0 Exerc ise  5 in1 

(3 )  22 Post  Exer I 12 m l  

(3)  45 Pos t  Exer I1 5 m l  

HEMATOCRIT 

5 m l  P;  7 m l  S; Htc 

Blank: (1) Post Exer: (1) 

( 2 )  ( 2 )  

Ave. Ave . 
-- 
_. 
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Appendix I V :  C a l c u l a t i o n  of  PAH and I n u l i n  Dosages 

The i n f u s i o n  pump used wi th  a 50 m l  s y r i n g e  had a cons tan t  r a t e  o f  1.64 m l / m i n .  
The PAH used was a 20% suspension,  whi le  t he  i n u l i n  used was a 10% suspension i n  normal 
(0,85%) s a l i n e  s o l u t i o n .  The dosage o f  each was c a l c u l a t e d  a s  t h e  mls of  suspension t o  
b e  infused  p e r  minute. Hence, t h e  maximum l e n g t h  o f  time o f  t h e  tes t  was es t imated ,  and 
t h i s  time m u l t i p l i e d  times t h e  dosage p e r  minute.  For  exaaple:  

l e n g t h  o f  time f o r  i n f u s i o n  i s  165 minutes;  
s tandard  dose  of PAH i s  0.0727 m l  20% PAH/min of  i n f u s i o n  time; 
s tandard  dose  o f  i n u l i n  i s  0.333 m l  10% inul in/min o f  i n f u s i o n  time. 

Hence, i n  t h i s  example, t h e  t o t a l  volume r e q u i r e d  i s  1 2  m l  PAH and 55 m l  i n u l i n ,  respec- 
t i v e l y .  
s tandard  of  62.5 kg was assumed t o  r e p r e s e n t  t h e  lean body weight of  an average young 
man. 
13.2 m l .  Likewise,  t h e  c o r r e c t e d  dosage o f  i n u l i n  would be 60.5 m l .  
a t  a speed o f  1.64 ml/min, then  t h e  t o t a l  volume infused  would be 1,64 m l / m i n  x 165 minutes  = 
271 m l  i n f u s a t e .  T h i s  i n f u s a t e  c o n s i s t e d  of  13.2 m l  PAH and 60,5 m l  i n u l i n ,  and d i l u t e d  
by 197.3 m l  o f  normal s te r i le  s a l i n e ,  T h i s  mixture, r e f e r r e d  t o  a s  t h e  s u s t a i n i n g  i n f u s a t e ,  
followed t h e  pr iming dose which was given a t  t h e  beginning o f  t h e  experiment t o  r a i s e  blood 
l e v e l s  t o  the proper  concent ra t ion .  The priming d o s e  f o r  young a d u l t s  was found t o  be 3 m l  
PAH and 30 m l  i n u l i n .  
va lues  3 ,28 m l  PAH and 32.8 m l  i n u l i n  f o r  a 68.4 kg man. 

Using t h e s e  dosages,  e q u i l i b r a t i o n  o f  t h e  blood l e v e l s  occurred wi th in  15 minutes and, 
wi th  one except ion  o f  a l o c a l  burning s e n s a t i o n  when only  PAH was used, no untoward e f f e c t  
was experienced.  
adhering t o  one  o f  t h e  fo l lowing  procedures:  (1) i f  on ly  PAH i s  used, i t  i s  necessary t o  ' 
d i l u t e  1:15 t o  prevent  p e r i v a s c u l a r  damage i f  any e x t r a v a s a t i o n  should occur  d u r i n g  
i n j e c t i o n ,  and ( 2 )  i f  i n u l i n  i s  a l s o  used,  i t  w i l l  d i l u t e  t h e  t o x i c i t y  of  PAH and no l o c a l  
p a i n  w i l l  be encountered upon i n j e c t i o n  o f  t h e  priming dose,  

These two volumes were f u r t h e r  c o r r e c t e d  f o r  t h e  s u b j e c t ' s  l e a n  body mass. A 

Thus, i f  t h e  s u b j e c t ' s  LBM was 68.4, then  t h e  t o t a l  dosage was 1 2  m l  PAH x 68.4/62.5 =: 
If t h e  pump infuses 

As i n  t h e  example above, t h i s  was c o r r e c t e d  f o r  LBM and y i e l d e d  

T h i s  s i n g l e  except ion  i n  t h e  p i l o t  work was avoided subsequent ly  by 
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Appendix V:  Ca lcu la t ion  o f  Water Balance by Modified Peters-Passmore and 
Standard Peter s-P a s  smore Equations 

I f  one cons ide r s  t h e  P e t  ers-Pas more equat ion mat hema t i c a l l  y ((?on so 1 a z i o  , Johnson , 
and Pecora,  19631, i t  can be shown t o  reduce t o  on ly  weight changes due t o  water l o s s  o r  
gain.  A l l  o t h e r  p a r t s  o f  the equat ion axe i n s e r t e d  t o  c o r r e c t  f o r  food weight t h a t  i s  
not d i g e s t e d  and metaboaized, weight l o s t  by heat  o r  conversion du r ing  metabolism o f  food, 
and weight r e t a i n e d  by a d d i t i o n  of t h e  food t o  body mass. 
reduces t o  : 

I n  o t h e r  words, t h e  equat ion 

(weight2 + metabo l i c  l o s e s )  - (weight1 + metabo l i c  g a i n s )  = water  balance 

Using t h e  concept o f  water  mass-weight ga in  o r  l o s s ,  one can reduce c e r t a i n  p a r t s  
of t h e  equat ion t o  f a c i l i t a t e  a less c o n t r o l l e d  and less a c c u r a t e  measurement,of water  
balance,  I n  our experiment,  t h e  main c o n s t i t u e n t  o f  concern was i n s e n s i b l e  water l o s s  
and a c t i v e  p e r s p i r a t i o n ,  since a l l  o t h e r  parameters  were measured. 
i n  t h e  c a l c u l a t i o n s  a r e  t h e  rnetabolic g a i n s  and l o s s e s ,  e.g. ,  i f  f a t  i s  gained o r  muscle 
mass i s  l o s t , ' t h e  weights w i l l  be i n a c c u r a t e  i f  one a t t empt s  t o  measure water  mass i r r e s p e c -  
t i v e  of tissue changes, On  a d a i l y  b a s i s  t h i s  e r r o r  i s  i n s i g n i f i c a n t ,  but ove r  a l onge r  
pe r iod ,  i f  t h e  change i n  body composition i s  g r e a t ,  t h e  e r r o r ,  o f  course,  becomes very 
l a rge .  I n  t h i s  experiment,  showever, t h e  f a t  changes were measured by d e n s i t y ,  and t h e  
muscle mass was determined i n d i r e c t l y  by s e v e r a l  measurements, hence t h e  water  balapce 
c a l c u l a t e d  by t h e  above method could be c o r r e c t e d  f o r  non-water t i s s u e  mass changes. The 
modified Peters-Passmore equat ion i s  given below and reduced t o  show t h a t  water  balance = 
weight change (water  mass weight change). 

The primary discrepancy 

water  i npu t  = f l u i d  i n g e s t e d  (beverage, o r  food + wate r )  o r  
i n fused  in t r avenous ly  

' /  

water  ou tpu t  = u r i n e  + sweat + vomitus + blood + f e c a l  water  ( f e c a l  water  
was too small  to  be s i g n i f i c a n t )  

f l u i d  i n p u t  - ( u r i n e  + 24 h r  weight change) EWL (24-hr) = 

weight change = (weight2 - weightl) + f e c a l  weight 
(24-hr) 

a c t i v e  = weight p re -exe rc i se  - weight pos t - exe rc i se  
p e r s p i r a t i o n  

n igh t  1% = weightl(p.m.) - weight2(a.m.) +- urine(a.m.) ( s u b j e c t s  u r i n a t e d  
p r i o r  t o  a.m. weight) 

24-hr sweat - ( a c t i v e  p e r s p i r a t i o n  + n igh t  IWL) day IWL = 

Equation f o r  Water Balance: 

WB = wate r  g a i n  - water  l o s s  

WB = water  i npu t  - ( u r i n e  + 24-hr sweat)  

WB 

WB 

= 

= 

wate r  i npu t  - ( u r i n e  + /Tluid - ( u r i n e  + weight change171 

f l u i d  - u r i n e  - ( f l u i d  - u r i n e  - weight change) 
o r  - 

WB = 

WB = weight change 

( f l u i d  - u r i n e )  - ( f l u i d  - u r i n e )  + weight change 

Note t h a t  sweat o r  e v a p o r a t i v e  water  l o s s  (EWL) i n c l u d e s  i n s e n s i b l e  water  l o s s  (IWL) + 
a c t i v e  p e r s p i r a t i o n .  
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Appendix V I  : Determination of T o t a l  Body Water by T20 (Di lu t ion  P r i n c i p l e )  

A p r e - i n j e c t i o n  r e f e r e n c e  blo3d sa.nple was obtained.  Following th i s ,  a known volume 
qf T 0, determined by sy r inge  weight pre- and p o s t - i n j e c t i o n ,  was i n j e c t e d  in t r avenous ly  
and Tlushed. Plasma samples were withdrawn a t  2, 3, gnd 1 hour i n t e r v a l s  poq t - in j ec t ion ;  
from which an a l i q u o t  o f  3-1 m l  o f  hepa r in i zed  blood was withdrawn. The time and volume 
o f  samples was recorded o n  a form (see form number 4 ) .  Th i s  sample was sepa ra t ed  i n t o  
plqsma and packed cells ,  t h e  plasma drawn o f f ,  and t r e a t e d  with t r i c h l o r a c e t i c  a c i d  f o r  
d e p o r t e i n i z a t i o n ,  P r o t e i n  was f i l t e r e d  o u t ,  and t h e  f i l t r a t e  was frozen f o r  subsequent 
a n a l y s i s .  

wh ich  would interfere with T20 qeasurement ( b e t a  emitter) the samples were s to red  f o r  
f i v e  months t a  a l low the 1-131 t o  decay below t h e  level of i n t e r f e r e n c e  (1-131, h a l f - l i f e  
i s  8 days,  T2O h a l f - l i f e  i s  31 yearg) .  

t h e  same l o t  a s  t h a t  used f o r  t h e  experiment) ,  added t o  12s m l  plasma d i l u t e d  40,000 times 
( o r  approximately t h e  d i l u t i o n  of  1 ml of  T20 i n  t h e  plasmg), and using t h i s  as a s tandard.  
The  s tandard was prepared a t  t he  same time of t h e  sample de t e rmina t ion ,  and prepared 
i d e n t i c a l l y  t o  t h e  p repa ra t ion  o f  the sample. 

Because t h e  plasma a l s o  had high levels of 1-131 ( sma l l  b e t a ,  l a r g e  gamma emitter) 

The  de t e rmina t ion  c o n s i s t e d  of measuring 1 m l  o f  s tock  sample of T20 (purchased i n  

The fol lowing equat ion was used f o r  t o t a l  body water  c a l c u l a t i o n :  

concen t r a t ion  o f  inJected T20 (cpm) x volume T20 inLected 
concen t r a t  i o n '  of plasma T i 0  (cpm) = Total Body Water ,-?------ 

The concen t r a t ion  o f  T20 i n j e c t e d  was un i fo rmly  2 milticurie p e r  ml. 
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NASA P r o j e c t  
Summer 1967 

Form Yumber 4 

T r i t i u m  (T20) Procedure 
Name No*-- --- 
Date 
Experimental  Day Time-- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

1. 

2. 

The t r i t i u m  i s  i n j e c t e d  immediately fo l lowing  t h e  i n j e c t i o n  o f  1-131. 
done through t h e  i n f u s i o n  needle  on experimental  days 10, 19, and 27. 

The s y r i n g e  wi th  t h e  s t o c k  s t e r i l e  s o l u t i o n ,  approximately 2 mc i n  1 m l  i s  
weighed g r a v i m e t r i c a l l y  b e f o r e  and af ter  i n j e c t i o n .  

1 m l  plasma specimens are d e p r o t e i n i z e d  wi th  10% TCA. 
10% TCA,) 

T h i s  i s  

(1 m l  plasma i n  2 m l ,  

PROCEDURE 
Weight Time Vo 1 ume 

Weigh s y r i n g e  wi th  T20 . gms 

I n j e c t  1 m l  (approximately 2 m c / m l )  and f l u s h  

Weigh s y r i n g e  - T20 

Draw f i r s t  blood specimen 2 hrs .  p o s t - i n j e c t i o n  -- 
Draw second blood specimen 3 h r s .  p o s t - i n j e c t i o n  -- 

m l  

~ .-gms 
m l  

m l  

m l  Draw t h i r d  blood specimen 4 hrs .  p o s t - i n j e c t i o n  

Blood i s  handled a s  d e s c r i b e d  above. 
a 2 m l  v i a l .  S t o r e  i n  freezer. 

The d e p r o t e i n i z e d  plasma i s  hea t  s e a l e d  i n  

CALCULATIONS 

T o t a l  dose  = U E k/)  

Where U = Mc T r i t i u m  i n j e c t e d  / 9 body weight 

E = Average energy / d i s i n t e g r a t i o n  i n  e v 
(average  b e t a  energy = Emax/ 3) 

3 = Biodecay c o n s t a n t  (0.693 / a) 
k = (3.7 x lo7) (1.6 x / 100 

T o t a l  Body Water = 

LABEL CODE 
Specimens 

B1 ank 
2 Hr. 
3 Hr. 

4 H r .  

Label Format 
a. Jones (No. 1) 
Plasma T20 (Blank) 

7-3-67 (Equi l ib . )  
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Appendix VII: Determinat ion o f  Blood Volume by RISA ( D i l u t i o n  P r i n c i p l e )  

4 s tandard  dose  s y r i n g e  o f  RISA water ,  c o n t a i n i n g  2 m l  and between 1 and 2 micro- 
c u r i e ,  was placed i n  t h e  well chamber o f  an automatic  r a d i a t i o n  counter  (Volumometer) and 
an i n i t i a l  count made, 
was therl i n j e c t e d  i n t r a v e e o u s l y  and t h e  s y r i n g e  thoroughly f l u s h e d  # i t h  blood. 
was drawn from t h e  o p p o s i t e  arm w i t h i n  10-15 m i n u t e s .  
wi th  a g e i g e r  counter  t o  check p e r i v a s c u l a r  leakage.  
s y r i n g e  were then  measured i n  t h e  well chamber wi th in  t h r e e  hours.  
compares t h e  empty s y r i n g e  with t h e  t o t a l  count o f  t h e  f u l l  syr inge ,  c a l c u l a t e s  net count 
and reads  t h e  c o r r e c t  volume. 
blood samples obta ined  from t h e  same a l i q u o t .  The fo l lowing  formula was used: 

A p r e - i n j e c t i o n  reference blood sample was drawn and t h e  RISA 
A sample 

The s i t e  o f  i n j e c t i o n  was scanned 
The blood samples and t h e  empty 

The Volymometer 

Plasma was determined by d i f f e r e n c e  from PCV measured on 

Plasma volume = BV x 1 - (9.927 x p e r i p h e r a l  Htc) 

where BV i s  t h e  blood volume measured d i r e c t l y  by t h e  Volumometer and 0.927 i s  t h e  r a t i o  
o f  t o t a l  body hematocr i t  (Htc) t o  p e r i p h e r a l  hematocr i t s  
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Appendix VIII: I n d i v i d u a l  Diets f o r  Pre-Bed Rest and Bed Rest Pe r iods  

Diets were c l a s s i f i e d  according t o  t he  s u b j e c t ' s  weight by s tandard procedures 
o u t l i n e d  e a r l i e r .  
60 kg, 70 kg, and 80 kg included s u b j e c t s  who had a body weight w i t h i n  t h e  range of  
60-70, 70-80, o r  80-90 kg, r e s p e c t i v e l y .  The f i n a l  d e c i s i o n  f o r  t h e  c l a s s i f i c a t i o n  o f  
s u b j e c t s  w i t h  border  l i n e  weights  was based upon their  l e a n  body weight a s  determined 
previous t o  t h e  experiment,. 
The pre-bed rest  d i e t s  a r e  r e f e r r e d  t o  a s  "regular" ,  t h e  bed rest d i e t s  a s  ei ther "exer- 
cise" o r  "no-exercise". 
f o r  both t h e  pre-bed rest and bed rest per iods.  
three day cyc le ,  des igna ted  a s  Day I ,  11, and 111. 

The fol lowing terminology was used t o  d e s i g n a t e  each c l a s s i f i c a t i o n :  

The s u b j e c t  d i e t a r y  assignments a r e  d e l i n e a t e d  i n  Table  2.5. 

The e x t e r n a l  ambulatory c o n t r o l s  continued t h e  " r egu la r "  d i e t  
Each d i e t a r y  regimen was-based on a 

Sodium and potassium con ten t  a r e  l i s t e d  i n  t h e  d i e t .  I n  a d d i t i o n  t o  t h i s ,  a 
supplemental r a t i o n  was added t o  b r i n g  t h e  t o t a l  sodiun and potassium i n t a k e  t o  a cons t an t  
amount f o r  each o f  t h e  t h r e e  days o f  t h e  cyc le .  The d i e t a r y  c h l o r i d e  content  was est imated 
from va lues  given by Mat t i ce  (1950). 
these e l e c t r o l y t e s ,  t o g e t h e r  w i t h  an i t e m i z a t i o n  o f  d i e t a r y  sources  o f  e l e c t r o l y t e s  a s  
a l l o t t e d  i n  t h e  s u b j e c t s '  meals. i s  d e t a i l e d  i n  T a b l e  2.6. 

The sum of t h e  suppleinental and d i e t a r y  content  o f  

Silbj ect 1 2 3 4 5 6 7 8 10 12 

Die t a ry  80 kg 70 kg 60 kg 70 kg 70 kg 60 kg 70 kg S O  kg 70 kg 70 kg 
C1 a s  s i  f i c a t  ion 

Experiment a1 Ex N-EX EX N-EX EX N-EX EX N-EX Aq Am 
C l a s s i f i c a t i o n  

TABLE 2.5. SJBJECTS' DIETARY ASSIGNMENTS BASED ON WEIGHT AND RECUMBENT ACTIVITY. 
During t h e  f i rs t  10 days o f  t h e  experiment ( e q u i l i b r a t i o n ) ,  d i e t s  were based only on 
t h e  s u b j e c t s '  weight.  
cording t o  t h e  s u b j e c t s '  a c t i v i t y ,  i .e , ,  e x e r c i s e  o r  non e x e r c i s e  (Ex = e x e r c i s e ,  N-Ex 
= non e x e r c i s e ,  AV = ambulatory).  

When t h e  bed rest  per iod began, changes i n  d i e t s  were made a c -  

-~ 

- Die ta ry  C1 a s s i  f i c a t  ion 

Regular 60, 70, 80 kg 

Exerc i se  60 kg 
Exerc i se  70 kg 
Exerc i se  80 kg 

No Exerc i se  60 k g  
No Exerc i se  70 kg 
No Exerc i se  80 kg 

E l e c t r o l y t e  Input/Ds.v 
Ga gms (mEq) K gms (mEq) C 1  gms (mEq) 

6.50 (286) 4.76 (126) 10.1 (290) 

5.19 (225) 3.77 ( 96) 7.30 (206) 
5.27 (234) 3.93 (100) 7.52 (212) 
5.46 (238) 3.94 (101) 7.66 (216) 

4.33 (188) 3.15 ( 81) 5.14 (145) 
4.55 (198) 3.22 ( 8 2 )  5.35 (151) 
4.56 (199) 3.38 ( 87)  5.46 (154) 

TAELE 2.6. DIETARY INPUT OF ELECTRDLYTES. A l l  s u b j e c t s  received t h e  same 
i n p u t  du r ing  t h e  e q u i l i b r a t i o n  o r  pre-bed rest per iod.  Allowances were re- 
duced according t o  e s t ima ted  requirements .  
d a i l y  e l e c t r o l y t e  requirements  (Weisberg, 1962) i n  o r d e r  t o  a s s u r e  adequate 
i n p u t .  

Allowances a r e  above recommended 
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Appendix I X :  Subject  I n s t r u c t i o n s  and Extramural Protocol  

W h i l e  i n  t h e  ambulatory pre- and post-bed rest phases ,  t h e  s u b j e c t s  were i n s t r u c t e d  
t o  record a l l  a c t i v i t i e s  i n  d e t a i l  (see form number 51, and t h e  times o f  t h e i r  u r i n a t i o n  
and d e f e c a t i o n  a s  p r e s c r i b e d  i n  t h e  gene ra l  i n s t r u c t i o n s  d e t a i l e d  below. 
they were given written i n s t r u c t i o n s  ( a l s o  d e t a i l e d  below) r ega rd ing  t h e i r  experimental  
commitments f o r  each day. 

I n  a d d i t i o n ,  

General  I n s t r u c t i o n s  f o r  Sub jec t s  
A c t i v i t y  

Record a l l  a c t i v i t i e s  immediately . a f t e r  t h e y  a r e  concluded. Record and t y p e  
a c t i v i t y  wi th in  blocks of f o u r  hour pk r iods  and break down f u r t h e r  your a c t i v i t y  i n t o  t h e  
fol lowing c a t a g o r i e s :  s i t t i n g ,  s t and ing  , walking, o r  o t h e r  a c t i v i t y .  Descr ibe t h e  t y p e  
o f  a c t i v i t y  p r e c i s e l y ,  but  b r i e f l y .  
i n  vigorous e x e r c i s e  o t h e r  than a c t i v i t y  demanded dur ing  working hours. 

Attempt t o  maintain seden ta ry  h a b i t s  and do not engage 

Ur ina t ion  and Defecat ion 
Always u r i n a t e  b e f o r e  and a f t e r  assuming a h o r i z o n t a l  p o s i t i o n  f o r  more than one hour. 

Try t o  u r i n a t e  a t  l e a s t  5 times a day, about-3-4 h o u r s  apa r t .  
u r i n e  specimen, r eco rd  t h e  time, and empty from t h e  volumetr ic  f l a s k  i n t o  t h e  24 hour urine 
b o t t l e s .  
volumetr ic  f l a s k  and u r i n e  b o t t l e  w i t h  you a t  a l l  times. 
Hospi ta l  each morning. 
per iod each day. 
i r r e g u l a r i t y  occur s ,  r e p o r t  i t  under t h e  a c t i v i t y  column. 
t i o n  under t h e  a c t i v i t y  column. 

Measure t h e  volume o f  each 

F i l l  up each b o t t l e  completely,  mixing t h e  u r i n e  a f t e r  each a d d i t i o n .  Carry a 
Bring t h e  24 hour urine t o  t h e  

Try t o  r e q u l a t e  your d e f e c a t i o n  w i t h i n  t h e  same r e l a t i v e  time 
If p o s s i b l e  avoid d e f e c a t i n g  be fo re  your morning weigh-in. I f  any 

Record t h e  time of each defeca-  

Sleep Habi ts  

t h i s  study. Take every r easonab le  p recau t ion  t o  avoid over-s leeping,  and retire the  same 
Sleep p a t t e r n s  w i l l  a f f e c t  many o f  t h e  phys io log ica l  parameters  being measured i n  

time each-n igh t .  
upon time. 

Avoid day time naps. Have your p a r t n e r  c a l l  you each morning a t  an agreed 

Each Morning -- 
When you r e p o r t  f o r  weigh-in,deposit  t h e  p rev ious  day ' s  extramural  c h a r t  w i t h  Jim 

F u l l e r ,  a long w i t h  t h e  24 hour u r i n e -  c o l l e c t i o n .  
f r e s h  u r i n e  b o t t l e s ,  and a d a i l y  master  c h a r t .  
under "exp t ' l  day". Double check t h e  d a t e  f o r  accuracy. 

P i c k  up a new d a i l y  extramural  c h a r t ,  
The day o f  t h e  experiment should be recorded 

Snbj ect Numbers 
Always i n c l u d e  your number under your name, remembering t h a t  odd numbers denote  

e x e r c i s i n g  s u b j e c t s , -  whereas even numbers a r e  c o n t r o l s .  

Dai ly  I n s t r u c t i o n s  

Day2 
Report t o  t h e  Hosp i t a l  by 9:30 p.m. You w i l l  sleep-in so t h a t  basa l  metabolism can 

be taken when you awaken. 

DayL 
Arise between 6:OO a.m. and 6:15 a.m. C a l l  your p a r t n e r .  Write under a c t i v i t y  and 

When you a r i v e ,  u r i n a t e  j u s t  
Discard t h e  u r i n e  ( a t  

r eco rd  t h e  time. Report t o  t h e  Heal th  Center by 6:45 a.m. 
b e f o r e  you weigh, and record t h e  time on your c h a r t  f o r  t h a t  day. 
no o t h e r  time throughout t h e  experiment w i l l  you eve r  d i s c a r d  your u r i n e ) ,  but c o l l e c t  a l l  
u r i n e  f o r  t h e  next 24 hours  i n  t h e  u r i n e  b o t t l e s .  
time. 
time - write b r e a k f a s t  under t h e  food column. 
t h e  time. 
f o r  t h e  night .  
t h e  time. U r i n a t e  be fo re  r e t i r i n g .  

Weigh nude and record weight and t h e  
Pick up your d a i l y  mas te r  c h a r t s  and u r i n e  b o t t l e s .  Eat b r e a k f a s t  and r eco rd  t h e  

Eat lunch between 12:OO and 1 : O O  p.m., r eco rd  

Retire between 1O:OO and 11:OO p.m., write r e t i r e d  under a c t i v i t y  and record 
Eat d i n n e r  between 6:OO and 6:39 p.m., record t h e  time, and pick up your snack 
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Day 2 
Arise between 6 :OO and 6:13 a.m. Ca l l  your  p a r t n e r .  Record t h e  time you a r i s e  on 

t h e  day 1 c h a r t ,  
time ( d i f f e r e n t  time from t h e  time you a r i s e )  on t h e  day 1 cha r t .  
2 1  hour u r i n e  o f  day 1. 
Pick up n e w  u r i n e  b o t t l e s ,  new c h a r t ,  and t h e  mas te r  c h a r t  f o r  t h a t  day. 

When you u r i n a t e  b e f o r e  you weigh-in, r eco rd  t h e  volume o f  u r i n e  and t h e  
Add t h i s  u r i n e  t o  t h e  

Weigh nude, Turn i n  your  24 hour urine and your extramural  c h a r t ,  

Day 3-10 
Arise between 6:OO and 6:15 a.m. and con t inue  as on day 1. 

Day! 
Report t o  t h e  Hosp i t a l  by 9:30 p.m. You w i l l  s leep-in so t h a t  basa l  metabolism can 

b e  t aken  when you awaken. 

Day8 
Repart t o  t h e  Hosp i t a l  by 9:30 p.m. You w i l l  s leep-in so t h a t  basa l  metabolism can 

b e  t aken  when you awaken. 

Day 10 
Report f o r  d i n n e r  w i th  a l l  your  t h i n g s  f o r  t h e  9 day recumbency - o r ,  a f t e r  d i n n e r ,  

c o l l e c t  your t h i n g s  and r e p o r t  t o  t h e  Hosp i t a l  no l a t e r  than 8:OO p.m. 
recumbency, con t inue  wi th  t h e  same d i s c i p l i n e d  schedu le  a s  on days 1-10, You should 
r eco rd  t h e  food you eat and t h e  time. Report f o r  weigh-in a t  6:45 a.m. You w i l l  con t inue  
t o  keep a c c u r a t e  water balance r eco rds ,  but w i l l  not s ave  your  u r i n e ;  t h a t  i s ,  j u s t  measure 
t h e  volume and r eco rd  t h e  time. Do not ea t  o r  d r i n k  anything and do not d e f e c a t e  b e f o r e  
you weigh-in. 

A t  t h e  end o f  

52 



NASA Project 
Summer 1957 

Form Number 5 

Name Subject Data - Extramural Date--- 
Subject #- Weight a.m.- 
Expt ' l  Day- Time of  Weight 
Expt'l Period Weight p.m. 

Time o f  Weight 

VOLUME VOLUME 
ACTIVITY -- TIME DRANK VOIDED FOOD 

00 : 00 

08 : 00 

12:oo 

16:OO 

20 : 00 

24 : 00 
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Appendix X: Procedure f o r  Underwater Weighing 

Modified from t echn ique  o f :  
Goldman, R.F. and E. R. Buskirk. Body volume measurement by underwater weighing; 

d e s c r i p t i o n  o f  a method, i n  J. Brozek ( e d i t o r ) :  
Washington, Nat ional  Academy o f  Sciences - National  Research Council ,  1961, pp. 78-89. 

Techniques f o r  Measuring _Body Composition. 

1. 
2. 
3. 
4. 
5.  
6 .  

7. 
8,  
9. 

10. 
11. 

12. 

F i l l  tank t o  p rope r  l e v e l  with water  temperature  o f  about 35OC. 
Take nude body weight. 
Determine s u b j e c t ' s  v i t a l  capac i ty .  
Have s u b j e c t  enter t h e  tank.  
Have s u b j e c t  s i t  i n  underwater swing a t t ached  t o  s c a l e ,  
I n s t r u c t  s u b j e c t  a s  t o  t h e  proper  procedure f o r  s ecu r ing  a v a l i d  underwater 
weight. 
a. Hold t h e  f r o n t  cha ins  s l i g h t l y  below water  l e v e l .  
b. 

c. 
d. 

e. 
Execute a t  l e a s t  two p r a c t i c e  t r i a l s  be fo re  r eco rd ing  three o f f i c i a l  measurements. 
Perform t h r e e  weighings a s  desc r ibed  above. 
Have s u b j e c t  remove himself from t h e  swing and weigh it a lone  w i t h  water  l e v e l  
coqs t an t  
Est imate  r e s i d u a l  volume from v i t a l  c a p a c i t y ,  o r  measure d i r e c t l y .  
C a l c u l a t e  body d e n s i t y  from t h e  fol lowing formula: 

Hyperven t i l a t e  b r i e f l y  and be s u r e  t o  f u l l y  e x p i r e  be fo re  bending ove r  
and submerging head underwater.  
I n s t r u c t  s u b j e c t  t o  s i t  a s  r e l axed  a s  p o s s i b l e  when f u l l y  suspended. 
Brushing a g a i n s t  t h e  s i d e  of t h e  tank does not apprec i ab ly  e f f e c t  under- 
water  weight u n l e s s  t h e  s u b j e c t  jerks  away. 
L i s t e n  f o r  a knock a s  t h e  s i g n a l  t o  return t o  t h e  s t a r t i n g  pos i t i on .  

- MA 

MA - MW 

DW 

B =  

.. 'R 

Where : BD = Body d e n s i t y  

MA = Mass i n  a i r  (body weight i n  kg) 

FAw = Gross w e i g h t  underwater minus weight of ha rness  underwater 

D.d = Densi ty  o f  water  

VR = Estimated r e s i d u a l  l u i g  Volume 

C a l c u l a t e  percent o f  body weight t h a t  i s  f a t  from fol lowing formula:" 

4.570 7 - 4.142-7 x 100 % Fa t  = 

*Reference: Brozek, J., et a l .  (1963). 
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PART 111 

RESULTS 

The  p r e s e n t a t i o n  o f  results fo l lows  t h e  o r d e r  d e t a i l e d  i n  t h e  o u t l i n e  of experimental  
parameters given i n  P a r t  I. 
f o r  a given experimental  parameter w i t h  r e f e r e n c e  t o  time and/or experimental  cond i t ion .  
A comparison between t h e  e x e r c i s e  bed rest  and non-exercise bed rest ( i n t e r n a l  c o n t r o l s )  
groups was- t h e n  made i n  an at tempt  t o  determine whether d i f f e r e n c e s  i n  gene ra l  response 
p a t t e r n  e x i s t e d .  
included i n  t h e  sub-headings o f  water  balance,  f l u i d  compartments and e l e c t r o l y t e  con- 
c e n t r a t i o n s ,  r e n a l  f u n c t i o n ,  and d i e t a r y  components, were analyzed under t h e  gene ra l  heading 
of "Metabolism". 
results a s  desc r ibed  above, t hey  were placed i n  Appendix I. 
t h e  t r e n d s  o f  t h e s e  parameters ,  graphs have a l s o  been included i n  Appendix I. 

The d a t a  was f i rs t  analyzed on t h e  b a s i s  o f  mean group response 

F i n a l l y ,  d i f f e r e n c e s  i n  t h e  r e l a t i o n s h i p s  of t h e  v a r i o u s  parameters  

I n  o r d e r  t o  avoid d u p l i c a t i o n  o f  numerical  d a t a  i n  t h e  p r e s e n t a t i o n  of 
To show t h e  r e l a t i o n s h i p s  i n  

A l l  d a t a  was processed by an IBM 7041 computer, an3 was analyzed by a program written 
by D r .  Richard Walters,  School o f  Medicine, Un ive r s i ty  o f  C a l i f o r n i a ,  Davis. 
was designed t o  c a l c u l a t e  group means, s t anda rd  d e v i a t i o n s ,  and graphs o f  mean values .  The 
computer graphs a r e  included i n  Appendix 11. 

The program 

The b a s i c  d a t a ,  i nc lud ing  a l l  i n d i v i d u a l  
a r e  p re sen ted  i n  Appendix 111. 

nal  c o n t r o l s )  were 
e n t  a1 ob1 i g a t  i o  ns . 
panc ie s  t h a t  i n v a l i d a t e d  much of t h e i r  da t a .  
l y  enough t o  f i n d  replacements.  

a r g e l y  on t h e i r  own recognizance 
A number o f  f a c t o r s ,  p a r t i c u l a r l y  

t h e i r  f a i l u r e  t o  f u l l  a t e  t h e  importance o f  d i s c i p l i n e d  a t t e n t i o n  t o  d e t a i l ,  caused 
Unfor- 

Cor 
remedial  measures du r ing  t h e  experiment proved on ly  p a r t i a l l y  e f f e c t i v e .  

i n t  ou t .  However, f o r  r easons  
yses  o f  t h e i r  d a t a ,  nor t o  
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F l u i d  Exchange 

Assignments o f  s u b j e c t s  t o  one o f  t h e  two experimental  groups was based p r i m a r i l y  
on g r o s s  body weight measured a t  t h e  beginning of t h e  experiment.  
resulted i n  a small d i f f e r e n c e  i n  t h e  average body size o f  t h e  exercise group (1, 3, 5, 
and 7) and t h e  c o n t r o l  group (2, 4,  6, and 8). The mean body weights  were 71.4 kg and 
70.2 kg, r e s p e c t i v e l y ,  w h i l e  t h e  l e a n  body mass was 61.8 kg f o r  t h e  former and 60.1 kg 
f o r  t h e  l a t t e r  group. 
was 1.86 sq.m 

Addi t iona l  f a c t o r s  

Body s u r f a c e  a r e a ,  as es t imated  by t h e  formula o f  Dubois and Duboi,s, 
f o r  t h e  exercisers and 1.83 sq m f o r  t h e  non-exercisers.  

During t h e  f i rs t  three days  o f  t h e  e q u i l i b r a t i o n  p e r i o d ,  t h e  s u b j e c t s  were p laced  on 
a minimal water  d i e t  which r e s u l t e d  i n  a n e g a t i v e  w a t e r  ba lance  o f  approximately 0.5 l i t e rs  
l o s s ,  except  i n  s u b j e c t  number 2, who l o s t  and rega ined  2.0 l i ters d u r i n g  t h i s  per iod.  On 
t h e  f o u r t h  day,  water  was added i n  p r o p o r t i o n  t o  t h e  amount l o s t ,  and by t h e  s ix th  day t h e  
e x e r c i s e  s u b j e c t s  were g e n e r a l l y  n e a r i n g  a water ba lance  o f  2 0.2 l i ters .  The c o n t r o l  
s u b j e c t s  rega ined  water  ba lance  s lower t h a n  t h e  exercisers, and were not  i n  ba lance  u n t i l  
t h e  7 t h  o r  8 t h  day o f  t h i s  per iod .  
5, and 9 (day 10 f o r  serum) 
days 9 and 10. 
e r a t u r e s  experienced by each s u b j e c t  d u r i n g  t h e  e q u i l i b r a t i o n  per iod  can only  be es t imated;  
however, 800F, w i t h  n e g l i g i b l e  a i r  motion, was considered average. 
average ambient tempera ture ,  t h e  measured t o t a l  water  l o s s  d u r i n g  t h e  day was found t o  be 
g r e a t e r  than t h a t  accounted f o r  by i n s e n s i b l e  water l o s s  (IW) alone.  
sweat l o s s  was 1.30 l i ters f o r  t h e  exercise group and 1.29 l i t e rs  f o r  t h e  non-exercise 
group. 

Analys is  o f  serum and u r i n a r y  o s m o l a l i t y  on days 1, 

Since  t h e i r  occupat iona l  environments v a r i e d ,  t h e  average ambient temp- 
r e v e a l s  a r ise  on day 5, w i t h  a r e t u r n  t o  day 1 v a l u e s  on 

A t  t h i s  es t imated  

The average t o t a l  

S ince  f l u i d  i n t a k e  and u r i n e  o u t p u t  v a l u e s  cannot be considered normal on days t h a t  
r e n a l  f u n c t i o n  t es t s  were run ( a  water  load  o f  1.3 l i t e rs  was inges ted  t o  s t i m u l a t e  a 
d i u r e s i s  f o r  subsequent c o l l e c t i o n  o f  u r i n e  specimens I,, 
exchange on these days (10, 12, 15, 19, 21, and 27) was not  done, The u n t r e a t e d  d a t a  
f o r  a l l  days,  however, i s  inc luded  i n  t h e  computer graphs.  R e f e r r i n g  t o  these graphs 
(Appendix 111, enables  one t o  see t h e  d i s t i n c t  d i f f e r e n c e s  i n  v a l u e s  f o r  t h e  r e n a l  func- 
t i o n  t e s t  days a s  compared t o  an o t h e r w i s e  f a i r l y  r e g u l a r  f l u i d  exchange p a t t e r n .  

d e t a i l e d  a n a l y s i s  o f  f l u i d  

F l u i d  i n t a k e  and u r i n e  o u t p u t  v a l u e s  presented  i n  T a b l e  3.1 are d e r i v e d  from days 
6-9 o f  t h e  pre-bed rest per iod.  
a normal and s t a b l e  water ba lance  has been reached. 
pre-bed rest e q u i l i b r a t i o n  and was a l s o  a r e n a l  test  day, i s  not included f o r  reasons  
mentioned above. 

These v a l u e s  r e p r e s e n t  t h e  amount o f  f l u i d  consumed a f t e r  
Day 10, which was t h e  l a s t  day o f  t h e  

A t  t h e  o n s e t  o f  bed rest, f l u i d  i n t a k e  was a d j u s t e d  according t o  t h e  a n t i c i p a t e d  
r a t e  of  e v a p o r a t i v e  water l o s s .  
from t h e  n i g h t  IWL 
of 24 hour IWL i n  t h e  r e s t i n g  state.  Addi t iona l  f l u i d  adjustments  were made f o r  t h e  
exercise s u b j e c t s  i n  t h a t  t h e i r  sweat l o s s  was messured by weight l o s s  fo l lowing  t h e  
s tandard  30 minute  exercise bout. 
( s i n c e  t h e y  were t o  exercise twice d a i l y  d u r i n g  t h e  9 days of recumbency) and added t o  
t h e i r  es t imated  24 hour  1%. During bed rest t h e  e x e r c i s e r s  l o s t  680 gms/hour o f  sweat 
d u r i n g  exercise. T h i s  method o f  f l u i d  adjustment proved t o  be adequate,  i n  t h a t  it was 
observed t h a t  t h e  exercisers i n c r e a s e d  e v a p o r a t i v e  l o s s  by n e a r l y  t h e  amount o f  supplemen- 
t a r y  f l u i d  added t o  t h e i r  d i e t ,  w h i l e  t h e  non-exercising c o n t r o l s  a l s o  demonstrated a 
decrease i n  24 hour  e v a p o r a t i v e  w a t e r  l o s s  by approximately t h e  amount t h a t  t h e i r  d i e t a r y  
water  i n t a k e  was reduced. Hence, i n  both groups,  t h e  only  a l t e r a t i o n  i n  water exchange 
t h a t  would r e s u l t  i n  a n e g a t i v e  ba lance  was an i n c r e a s e d  u r i n e  flow. F l u i d  al lowance 
es t imated  by t h e  above method was i n  excess o f  requirements  by 60 m l  f o r  t h e  exercisers 
and 30 m l  f o r  t h e  c o n t r o l s .  

Water a l lowances f o r  t h e  bed rest per iod  were es t imated  
d u r i n g  t h e  preceeding  p e r i o d ,  which was assumed t o  be r e p r e s e n t a t i v e  

The average v a l u e  o f  0.19 kg on day 10 was doubled 

'Serum was c o l l e c t e d  a t  0800; hence day 1 serum was taken  j u s t  one  hour af ter  t h e  
f i rs t  experimental  day began. 
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F l u i d  i n t a k e :  

Urine o u t p u t :  

Evaporat ive l o s s :  

Night I n s e n s i b l e  
Water Loss (IWL) 

Day I n s e n s i b l e  
Water Loss (1% 

Average Water 
Balance 

PBR 

BU 

B R r t  

R 

PBR 

BR 

Bart 

R 

PBR 

Bfl 

R 

PBR 

BR 

R 

BR 

PBR 

BR 

B R r t  

R day 20 

R day 21 

R day 22 

E x e r c i s e r s  

2.50 l i t e r s  

2,63 l i t e r s  

3.06 l i t e r s  

2.88 l i t e rs  

1.28 l i t e rs  

1.35 l i t e r s  

1.63 l i t e r s  

1.25 l i t e rs  

1.30 l i t e r s  

1.39 l i t e rs  

1.53 l i ters  

45 gms/hr 

4g gms/hr 

45 gms/hr 

27 gms/hr 

- 80 m l  

- 90 :nl 

+ 40 m l  

+750 in1 

+lo0 m l  

+118 m l  

Control  s 
(Non-exercisers)  

2.40 l i t e rs  

2.14 l i t e rs  

2.64 l i t e r s  

2.92 l i t e rs  

1.13 l i t e rs  

1.25 l i t e rs  

1.60 l i t e r s  

1.23 l i t e rs  

1.29 l i t e r s  

1.00 l i t e r  

1.68 l i t e r s  

35 gms/hr 

40 gms/hr 

43 gms/hr 

41 gms/hr 

- 20 m l  

-120 m l  

+ 40 m l  

- 40 m l  

+lo0 m l  

+610 an1 

TABLE 3.1. AVERAGE FLUID EXCHANGE FOR THE THREE EXPERIMENTAL PERIODS. The a d d i t i o n  
o f  a 1.3 L wa te r  l oad  and approximately 260 :n1 o f  i s o t o n i c  s a l i n e  i n f u s i o n  on r e n a l  
func t ion  t es t  days made t h o s e  days i n a p p r o p r i a t e  f o r  t h e  s tudy o f  normal physiology. 
S ince  t h e y  do r e p r e s e n t  changes t h a t  n e v e r t h e l e s s  occur ,  t h e y  must be considered i n  
t h e  o v e r a l l  wa te r  ba l ance  a n a l y s i s ,  Inc lud ing  t h e s e  days i n  water  balance shows an 
o p p o s i t e  t r e n d  on days o f  r e n a l  tes ts ,  wi th  an apparent  r e t e n t i o n  o f  water.  
s e r i a l  change o f  water  ba l ance  on t h e  f i rs t  t h r e e  ambulatory recovery days i s  shown 
t o  dernonstrate t h e  r a t e  o f  recovery (PBRZpre-bed rest e q u i l i b r a t i o n  o f  10 days;  B R r  
bed rest p e r i o d  wi th  t h e  3 days o f  r e n a l  tes ts  excluded from averages:  BRrtZbed rest 
pe r iod  i n c l u d i n g  a l l  9 days;  Rzrecovery o r  post-bed rest pe r iod  of 7 days,  except 
where noted 1. 

The 

57 



I n s e n s i b l e  water  l o s s ,  which was c a l c u l a t e d  f o r  both t h e  "day" (0700-2300) and t h e  
"night"  (2300-0700) p e r i o d s  dur ing  bed rest, was v a r i a b l e  among i n d i v i d u a l s ,  y e t  group 
averages were reproducib le  w i t h i n  each of t h e  t h r e e  per iods .  Twenty-four 
l o s s  averaged 50 m l  h i g h e r  on r e n a l  f u n c t i o n  tes t  days,  and might be a t t r  
anxie ty  manifested by t h e  s u b j e c t s .  
independent o f  water  balance.  During t h e  ambulatory p e r i o d s ,  t h e  n ight  IWL r e f l e c t e d  
t h e  amount o f  a c t i v i t y  d u r i n g  the corresponding day. 

Night IWL v a r i e d  i 10 gms/hr and appeared t o  be 

U r i n e  f low r a t e s  were c a l c u l a t e d  f o r  "day" (0700-2300) and "night" (2300-0700) 
per iods .  
r e s t  v e r s u s  bed rest p e r i o d s ,  but  n ight  f l o w  r a t e s  were maintained a t  approximately 0.67 
and 0.63 m l / m i n  i n  e x e r c i s e r s  and c o n t r o l s ,  r e s p e c t i v e l y .  
dur ing  bed rest v a r i e d  markedly on t h e  days  o f  r e n a l  f u n c t i o n  t es t s ,  but  was l i t t l e  
changed i n  "night"  f low r a t e s .  Thus, t h e  d i u r e s i s  response observed dur ing  bed rest  i s  
apparent ly  mani fes ted  i n  t h e  "day" ur ine f low r a t e s ,  s i n c e  t h e  "night"  u r i n e  f low r a t e s  
were r a t h e r  s t a b l e  throughout  t h e  entire experiment,  and d i d  not mani fes t  a s i m i l a r  
response  p a t t e r n .  

There  was a rnarked d i f f e r e n c e  o f  u r i n e  f low r a t e s  dur ing  t h e  day i n  pre-bed 

The average "day" f low r a t e  

These o b s e r v a t i o n s  a r e  summarized i n  Table  3.2. 

The two groups demonstrated a s i m i l a r  p a t t e r n  o f  response  t o  water  l o a d s  dur ing  
t h e  r e n a l  f u n c t i o n  tes ts ,  a s  i s  d e p i c t e d  i n  F i g u r e  3.1. Because o f  unexpected procedura l  
d e l a y s ,  e.g., a s u b j e c t ' s  i n a b i l i t y  t o  u r i n a t e  a t  t h e  scheduled t ime,  t h e  t o t a l  d e l i v e r e d  
volume of  i n f u s a t e  ( c o n t a i n i n g  PAH and i n u l i n )  v a r i e d  
and one h a l f  hours  a f t e r  t h e  water load  was consumed, a l l  s u b j e c t s  had not  completely 
excre ted  t h e  water  inges ted .  
on days 1 2  and 15, t h e  e x e r c i s e  group r e t a i n e d  approximately 60% of  t h e  f l u i d ,  w h i l e  
t h e  c o n t r o l s  r e t a i n e d  approximately 50% o f  t h e  1.5 l i t e r  load.  
res t ,  both groups i n c r e a s e d  t h e i r  volume o f  e x c r e t i o n ,  a s  t h e  e x e r c i s e  group r e t a i n e d  50% 
while  t he  c o n t r o l s  r e t a i n e d  only  29%. On days 21 and 27, both groups r e t a i n e d  approximately 
lo%, i n d i c a t i n g  a markedly increased  e x c r e t i o n  of u r i n e  i n  comparison t o  t h e  pre-bed rest 
volumes recorded on day 10. 

50 m l  wi th  each experiment.  

O n  t h e  l a s t  day o f  t h e  e q u i l i b r a t i o n  per iod  (day 101, and 

Two 

O r  t h e  l a s t  day o f  bed 

I n  some i n s t a n c e s  t h e  increased  product ion of  u r i n e  d u r i n g  r e n a l  f u n c t i o n  t e s t s  
appeared t o  be s l i g h t l y  r e l a t e d  t o  serum o s m o l a l i t y  (see F i g u r e  3.2). 
taken 36 m i n  (f 7 m i n )  a f t e r  t h e  i n g e s t i o n  o f  t h e  f i r s t  p a r t  o f  t h e  water  load  (860 m l ) .  
The v a l u e s  f o r  serum o s m o l a l i t y  measured on days 10 through 27 had a downward t r e n d ,  whi le  
u r i n e  product ion  dur ing  t h e  2% hour r e n a l  tes ts  s t e a d i l y  increased .  
serum o s m o l a l i t y  from days 10 t o  27 was 285 t o  274 mOsm/L i n  t h e  e x e r c i s e r s  and 283 t o  
274 mOsm/L i n  t h e  c o n t r o l s .  However, on some days t h e  o s m o l a l i t y  was s l i g h t l y  h igher  than  
on day 10; hence, t h e  t r e n d  was not  c o n s i s t e n t .  
a f t e r  t h e  i n g e s t i o n  of  500 m l  a d d i t i o n a l  water  load  ( o r  1 3/4 h o u r  a f t e r  t h e  f i r s t  blood 
sample). 

A blood s a a p l e  was 

The change i n  mean 

A second blood sample was taken 45 min 

I n  t h e  e x e r c i s e  s u b j e c t s  t h e  v a l u e s  f o r  t h i s  sample were c o n s i s t e n t l y  h i g h e r  

1 Per iod  Group PBR BR B R r t  

E x e r c i s e  1.02 1.42 1.12 0.91 

Control  0.89 1.32 1.03 0,80 
Day r a t e  

Exercise 0.72 0.65 0.64 0.79 

Control  0,60 0.65 0.62 0.66 
Night ra te  

- 

TABLE 3.2. DIUR VARIATION I N  AVERAGE U R I N E  EXCRETION RATES. The 
t h r e e  p e r i o d s  (PBR, BR, and R )  have average u r i n e  f low r a t e s  d iv ided  
i n t o  a 16 hour "day" per iod  (0700-2300) and an 8 hour "night" per iod  
(2300-0700), d u r i n g  which time t h e  s u b j e c t s  were c o n s i s t e n t l y  recum- 
bent  i n  a l l  per iods .  See T a b l e  3.1 f o r  abbrevia t ions .  
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FIG. 3.1. 
OF A LOAD OF DISTILLED WATER. P l o t t e d  water  l oad  va lues  i n c l u d e  i n f u s a t e  volume. E x e r c i s e r s  a r e  
shown i n  t h e  upper graph, c o n t r o l s  i n  t h e  lower graph. The  load o f  water  o c c a s i o n a l l y  v a r i e d  by 
250 m l  i n  one o r  two s u b j e c t s  due t o  d e l a y s  i n  p ro toco l  and n e c e s s i t a t e d  t h e  a d d i t i o n a l  water  t o  
a s s u r e  a cons t an t  and e l e v a t e d  u r i n e  f low d u r i n g  t h e  r e n a l  f u n c t i o n  t es t s  (day 10 i n  c o n t r o l s  and 
days 19 and 21 i n  both g roups ) ;  on a l l  o t h e r  days,  cons t an t  volumes o f  water  were consumed (e-4 
u r i n e  ou tpu t  ;M water  i n p u t ) .  

AVERAGE VOLUME OF URINE EXCRETION DURING TWO AND ONE HALF HOURS FOLLOWING THE INGESTION 

mO smo 1 /L 

290 

280 

270 

260 
Day 10 12 15 19 27 Day 10 12 15 19 27 

FIG. 3,2. 
taken a f t e r  each p r e s c r i b e d  water  load had been inges t ed  du r ing  r e n a l  f u n c t i o n  tes ts ,  which included 
30 minutes  of exercise fo l lowing  t h e  second wa te r  load. 
bed rest (36 minutes  a f t e r  800 m l e  - - - 6 ;13/4 hour a f t e r  800 m l  and 3/4 hour a f t e r  500 rnl-1. 
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Control  s u b j e c t s  d i d  not e x e r c i s e  du r ing  



dur ing  bed rest  than  on day 10 when serum osmola l i t y  was 
c o n t r o l  s u b j e c t s  demonstrated a dec rease  on days 1 2  and 
o f  280 mOsm/L. However, on days 19 and 21, when urine p 
serum va lues  f o r  t h e  c o n t r o l  group i n  

day 27 was simila 
from 278 t o  m/L on t h e  l a t t e r  
va lues  f o r  t h  sample demonstra 

S ince  body weight was r o u t i n e l y  measured a t  0700 every morning, it served as a 
r e fe rence  f o r  t h e  c a l c u l a t i o n  of  24 hour evapora t ive  water  l o s s  and s e r i a l  weight change. 
A l l  s u b j e c t s  l o s t  an apprec i ab le  amount o f  weight on day 1, ranging from 0.5 t o  0.8 kg, 
except  s u b j e c t  2, who as mentioned above, l o s t  2 kg. 
t o  an u n i n t e n t i o n a l  res t r ic t ive water al lowance t h a t  was subsequent ly  increased .  
l a t e r  s t a g e s  o f  t h e  e q u i l i b r a t i o n  pe r iod  (day 10) t h e  s u b j e c t s  had very nea r ly  rega ined  
t he i r  beginning weights  (average  d iscrepancy  o f  -0.4 kg). 

These weight l o s s e s  were d u e  l a r g e l y  
I n  t h e  

During bed rest t h e  exercisers’ 24 hour weights  f l u c t u a t e d  & 0.4 kg, a v a r i a t i o n  
They mani fes ted  no c l e a r  measurable e a s i l y  ‘ a t t r i b u t a b l e  t o  changes i n  water  balance.  

t r e n d  i n  weight ga in  o r  l o s s .  Conversely, t h e  c o n t r o l s  dernonstrated r e l a t i v e l y  more 
cons tan t  body weights  ( w i t h i n  a range  of  ?; 0.2 kg) ,  and a p rogres s ive  weight l o s s  o f  0.7 kg 
midway through bed rest (day 15). 
o f  recumbency. 

Fecal  Loss 

However, t hey  rega ined  0.2 kg du r ing  t h e  remaining days 

-- - 
A low r e s i d u e  d i e t a r y  regimen was enployed t o  minimize t h e  procedurea l  p r o b l e m  of  

handl ing and moving s u b j e c t s  f o r  bowel movements du r ing  bed rest. 
proved e n t i r e l y  s a t i s f a c t o r y  i n  t h i s  r e s p e c t ,  reducing t h e  average num5er o f  bowel move- 
ments from 6 p e r  10 days  be fo re  bed rest t o  2.5 i n  n ine  days o f  bed rest. Average f e c a l  
weight l o s s  du r ing  bed rest was 80 gms p e r  day, w i t h  t h e  average weight of  each s t o o l  
being 240 gms. 
and on day 20 produced a s t o o l  es t imated  t o  weigh 450 gms. 

Body F lu id  Volumes 

The d i e t a r y  regimen 

One s u b j e c t  (number 7) d i d  not d e f e c a t e  du r ing  t h e  entire bed rest per iod  

On day 10 of  t h e  e q u i l i b r a t i o n  pe r iod ,  t o t a l  body water (TBW) averaged 52.09 L f o r  
e x e r c i s e  s u b j e c t s  and 52.26 L f o r  c o n t r o l s .  
averages were 52.01 L and 49.52 L f o r  t h e  exercise and c o n t r o l  s u b j e c t s ,  r e spec t ive ly .  
The method o f  i n j e c t i n g  one m i l l i c u r i e  o f  t r i t i u m  in t r avenous ly  and c o l l e c t i n g  t h r e e  
ser ia l  blood samples was found t o  have a l a r g e  average v a r i a t i o n .  
measurements, t h e  v a r i a t i o n  between t h e  t h r e e  d i f f e r e n t  samples was 2 2 L i n  s i x ,  and 
5 4 L i n  one measurement. 
p re sen t  i n  on ly  one  o f  t h e  t h r e e  samples, wi th  t h e  o t h e r  two samples vary ing  only  2 0.5 
l i ters.  

A t  t h e  end Df bed rest (on day 191, t h e  

I n  20 ind iv idua l  

However, t h e  v a r i a t i o n  i n  t h e s e  seven measurements was u s u a l l y  

The remaining 13 measurements had f 0.4 L v a r i a t i o n  i n  t h e  three samples c o l l e c t e d .  
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i 1 
Group Day 10 1 2  15 19 21 27 

Exercise 2.390 2.400 2.240 2.400 2.340 2,290 

Control  2.420 2 e 480 2.420 2.470 2.410 2.370 
L 

TABLE 3.3. RED CELL VOLUME BEFORE, DURING, AND AFTER BED R E S .  Red 
cel l  volumes were c a l c u l a t e d  by s u b t r a c t i n g  plasma volume from blood 
vo 1 ume . 

were s l i g h t l y  lower than  t h o s e  o f  day 21 i n  both groupsp 
d i d  not vary g r e a t l y  and evidenced no c o n s i s t e n t  p a t t e r n .  

Red blood cel l  (RBC) volume 
(See Tab le  3.3). 

- Blood E l e c t r o l v t e s  

During e q u i l i b r a t i o n ,  sodium potassium, c h l o r i d e ,  and o s m o l a l i t y  c o n c e n t r a t i o n s  
followed t h e  same t rend f o r  both groups.  On day 5 inc reased  concen t r a t ions  r e l a t i v e  t o  
day 1 were observed,  followed by a r e t u r n  t o  i n i t i a l  l e v e l s  on day 10. Since t h e r e  was 
some d i s t u r b a n c e  i n  t h e s e  measures i n  t h e  e a r l y  s t a g e s  o f  e q u i l i b r a t i o n  due t o  t h e  
u n s t a b l e  i n i t i a l  wa te r  balance,  t h e  day 10 concen t r a t ions  a r e  regarded a s  compensated 
e q u i l i b r a t i o n  v a l u e s  and s e r v e  a s  b a s e l i n e  r e f e r e n c e  va lues  f o r  subsequent bed rest and 
po st-bed rest obse rva t ions .  

Mean serum sodium concen t r a t ion  on day 10 was 137 mEq/L and 135 mEq/L f o r  t h e  
e x e r c i s e  and t h e  c o n t r o l  s u b j e c t s ,  r e s p e c t i v e l y .  Both groups showed an i n c r e a s e  of 
2-3 mEq/L on days 1 2  and 15. 
s u b j e c t s  had dropped 2 mEq/L below day l0 ,wh i l e  t h e  c o n t r o l  group demonstrated an e l eva ted  
l e v e l  o f  1 mEq/L. 
d f f f e r e n t  magnitude, each r eco rd ing  a mean concen t r a t ion  of 132 mEq/L. Thus, there was 
a gradual  downward t r e n d  i n  both groups fo l lowing  t h e  second day of bed res t ,  w i t h  t h e  
c o n t r o l  s u b j e c t s  ma in ta in ing  a s l i g h t l y  h ighe r  sodium concen t r a t ion  u n t i l  t h e  f i n a l  day 
o f  recovery.  

Following n i n e  days o f  bed rest (day 191, t h e  e x e r c i s e  

On t h e  f i n a l  day (day 271, both groups showed a f u r t h e r  drop of s l i g h t l y  

The p a t t e r n  f o r  t h e  serum potassium c o n c e n t r a t i o n  was d i s s i m i l a r ,  i n  t h a t  on ly  t h e  
controlsshowed an upward t r end .  The average f o r  t h e  exercise s u b j e c t s  du r ing  t h e  entire 
experiment was 3.7 2 0.2 mEq/L, wh i l e  t h a t  f o r  t h e  c o n t r o l  s u b j e c t s  r o s e  from 3.6 mEq/L 
on day 10, t o  4.0 mEq/L on day 27, a l though dur ing  bed rest, va lues  f o r  t h e  l a t t e r  group 
were r e l a t i v e l y  s t a b l e ,  with a measured i n c r e a s e  o f  0.1 mEq/L. T h e  e x e r c i s e  group had 
a mean serum potassium concen t r a t ion  on day 1 2  t h a t  was s l i g h t l y  inc reased  ove r  t h e  base- 
l i n e  v a l u e  on day 10, bu t  which dropped subsequent ly  and remained depressed f o r  t h e  
d u r a t i o n  o f  bed rest. However, immediately fo l lowing  bed rest (day 211, t h e  potassium 
levels rebounded t o  3.8 mEq/L and changed l i t t l e  dur ing  recovery.  

t o  t h a t  observed f o r  potassium, i n  t h a t  minor f l u c t u a t i o n s  between 98-99 mEq/L were 
observed. 
c o n t r o l  s u b j e c t s  a l s o  had a d i s c e r n i b l e  bed rest effect wi th  an average 2 mEq/L d e c r e a s e  
r e l a t i v e  t o  t h e  concen t r a t ion  of 100 mEq/L measured on day 10. 
f o r  a t r a n s i t o r y  i n c r e a s e  t o  100 mEq/L on day 23, t h e  serum concen t r a t ion  o f  both groups 
was l i t t l e  changed from bed rest. 

The t r e n d  f o r  c h l o r i d e  c o n c e n t r a t i o n  a f t e r  day 10 i n  t h e  e x e r c i s e  group was s i m i l a r  

However, t h e  day 10 b a s e l i n e  v a l u e  was cons ide rab ly  h ighe r  (102 mEq/L). The 

During recovery,  except  

Serum o s m o l a l i t y  has been mentioned p rev ious ly  i n  connect ion w i t h  i t s  r e l a t i o n  t o  
water  l oads  and u r i n e  volume. 
f i r s t  sample t aken  be fo re  t h e  r e n a l  f u n c t i o n  test showed t h a t  t h e  c o n t r o l  s u b j e c t s  were 
c o n s i s t e n t l y  1-2 mOsm/L lower than  t h e  e x e r c i s e  group. 
(day 15) t h e  c o n t r o l  s u b j e c t s  had an average serum l e v e l  5 mOsm/L h i g h e r  t h a n  t h e  e x e r c i s e  
group. R e l a t i v e  t o  
experimental  day 10, t h e  exercise s u b j e c t s  had depressed o s m o l a l i t i e s  o f  4 mOsm/L on 

The gene ra l  response p a t t e r n  i n  t h e  two groups f o r  t h e  

A t  t h e  midpoint o f  bed rest 

The two groups followed an i d e n t i c a l  p a t t e r n  on a l l  o t h e r  days. 
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days 12 and 15. 
Following bed r e s t ,  t h e  e x e r c i s e  g r o u p ' s  o s m o l a l i t y  dropped cons iderably  t o  274 mOsm/L. 
The c o n t r o l  s u b j e c t s  had a v a l u e  of  280 mOsm/L on day 12,  which was 3 mOsm/L less  than 
t h e i r  b a s e l i n e  value.  
283 mOsm/L measured on day 10. The c o n t r o l  group a l s o  showed a s teady  d e c r e a s e  ( t o  
275 mOsm/L) on day 27. 

On day 19, v a l u e s  had re turned  t o  t h e  b a s e l i n e  v a l u e  of  286 mOsm/L. 

On days 15 and 19, t h e  va lues  were 285 mOsm/L compared w i t h  

Serum c r e a t i n i n e  l e v e l s  remained e s s e n t i a l l y  unchanged i n  both t h e  e x e r c i s e  and 
c o n t r o l  groups.  The mean serum c o n c e n t r a t i o n  was 1-10 f o r  both groups on day 10, and 
v a r i e d  by only  2 0.1 mg/100 ml throughout  t h e  remainder of  t h e  experiment.  

-- Renal Function 

The r e s t i n g  l e v e l s  of r e n a l  plasma f low (RPF) i n  s t a b l e  p h y s i o l o g i c a l  s t a t e s  were 
reasonably r e p e a t a b l e  i n  s e p a r a t e  measurements, T h i s  o b s e r v a t i o n  was f i r s t  s u b s t a n t i a t e d  
by t h e  f a c t  t h a t ,  i n  seven o f  t h e  e i g h t  bed rest s u b j e c t s ,  r e s t i n g  c l e a r a n c e s  (measured 
i n  p i l o t  s t u d i e s  b e f o r e  t h e  experiment)  v a r i e d  only  250 m l / m i n  Nith de te rmina t ions  made 
on day 10 of  t h e  e q u i l i b r a t i o n  per iod .  Although, on occas ion ,  a s  many a s  6 c l e a r a n c e s  
were determined w i t h i n  a given experimental  day, RPF was u s u a l l y  determined by a m i n i m u m  
of  two 15 minute c l e a r a n c e  p e r i o d s  a t  res t ,  which v a r i e d  f 30 m l / m i n ,  o r  10%. 

Since  c l e a r a n c e  de te rmina t ions  i n  t h i s  s tudy depended upon each s u b j e c t  emptying h i s  
b ladder  i n  t h e  recumbent p o s i t i o n ,  a source  of  unmeasureable e r r o r  was introduced,  However, 
incomplete  voiding could be d e t e c t e d  i n  t h e  c a s e  of  two consecut ive  c l e a r a n c e s  t h a t  were 
g r o s s l y  d i f f e r e n t  (more than  20%). Therefore ,  t he  s e r i a l  sampling technique,  p l u s  t h e  
pool ing and rede termina t ion  o f  an average RPF f o r  an obvious ly  high v a l u e  with a preceding 
low va lue ,  was employed a s  a back-up a n a l y t i c a l  technique.  For example, i f  two c l e a r a n c e s  
were taken and t h e  f i r s t  was low (due t o  an incomplete  b ladder  emptying),  whi le  t h e  second 
was high,  i t  was assumed t h a t  t h e  second sample contained t h e  u r i n e  not voided a f t e r  t h e  
f i r s t  c learance .  Hence, t h e  ur ine c o l l e c t e d  f o r  t h e  two p e r i o d s  was pooled and assumed t o  
r e p r e s e n t  a l l  u r i n e  produced dur ing  t h e  combined p e r i o d s ,  w h i l e  t h e  corresponding two serum 
samples c o l l e c t e d  were averaged, 
subsequent c l e a r a n c e  p e r i o d s  d u r i n g  t h e  same tes t  were conducted and found t o  a g r e e  with 
t h e  c o r r e c t e d  pooled va lues .  

The v a l i d i t y  of  t h i s  procedure was s u b s t a n t i a t e d  when 

On day 21 ( t h e  f i r s t  24 hours  o f  post-bed rest) ,  a l l  c l e a r a n c e s  determined a t  res t  i n  
s u b j e c t s  5 and 7 appeared e x c e p t i o n a l l y  high and e r r a t i c  a t  l e v e l s  of  1200 m l / m i n  2 300 m l .  
I n  a d d i t i o n ,  s u b j e c t  1 had two very  d i f f e r e n t  r e s t i n g  RPF values.. These c l e a r a n c e s  could 
not be j u s t i f i e d  by unequal b ladder  emptying and a r e  d e l e t e d  from the r e p o r t .  
day 21, on ly  t h e  c l e a r a n c e  measured f o r  s u b j e c t  3 was deemed v a l i d ,  

Thus on 

The e x e r c i s e  s u b j e c t s  had l i t t l e  change i n  RPF dur ing  bed res t ,  t h e i r  average c l e a r -  
ances  vary ing  only  f 15 ml/min. 
followed by an i n c r e a s e  t o  approximately 730 m l / m i n  on day 10. 
va lue  on day 27 was e s s e n t i a l l y  t h e  same a s  pre-bed res t ,  averaging only  40 m l / m i n  h igher  
than  t h e  c l e a r a n c e s  measured on day 10. The c o n t r o l  s u b j e c t s ,  on t h e  o t h e r  hand, d i sp layed  
a d i s t i n c t l y  d i f f e r e n t  p a t t e r n  d u r i n g  bed rest, demonstrat ing a c o n s i s t e n t  r i se  from a 
day 10 va lue  o f  590 m l / m i n  t o  790 m l / m i n  on day 19. 
s u b j e c t s  r e g i s t e r e d  a cont inued i n c r e a s e  wi th  an average c l e a r a n c e  of  250 ml/min above 
t h e  pre-bed rest c l e a r a n c e s  of  day 10. 
but was s t i l l  100 m l / m i n  above t h e  day 10 b a s e l i n e  value.  

There  was a s l i g h t  drop r e g i s t e r e d  on days 1 2  and 15, 
The e x e r c i s e  group ' s  RPF 

On day 21 (post-bed res t )  t h e s e  

S i x  days l a t e r  (day 27) t h e i r  RPF dropped somewhat, 

Glomerular f i l t r a t i o n  r a t e  (GFR) was determined by excgenous ( i n u l i n )  and endogenous 
( c r e a t i n i n e )  methods. The method o f  a n a l y s i s  o f  i n u l i n  p resented  t e c h n i c a l  d i f f i c u l t i e s  
and consequent ly  i n u l i n  c o n c e n t r a t i o n  i n  serum and u r i n e  was not considered t o  be r e l i a b l e .  
GFR ( a s  determined by c r e a t i n i n e  c l e a r a n c e )  was measured i n  p e r i o d s  l a s t i n g  f o r  24 h o u r s  
a t  p r e s c r i b e d  i n t e r v a l s  dur ing  t h e  experiment,  I n  t h r e e  s e p a r a t e  measurements before  bed 
rest  t h e  e x e r c i s e  s u b j e c t s  were found t o  have an average GFR of  134 2 4 m l / m i n .  
s u b j e c t s  had an average c l e a r a n c e  o f  133 f 2 m l / m i n  dur ing  t h i s  per iod .  
e x e r c i s e r s  had a GFR of  155 m l / m i n ,  however, d u r i n g  t h e  remainder o f  bed rest t h e i r  GFR 
decreased t o  a v a l u e  10 ml/min above t h e  pre-bed rest  b a s e l i n e  va lue  observed on day 9. 

The c o n t r o l  
On day 11 t h e  
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Following bed rest (day 231, their  GFR dropped t o  10 m l / m i n  lower than t h e  b a s e l i n e  value.  
The t r e n d  observed i n  t h e  c o n t r o l  s u b j e c t s  was less v a r i a b l e .  
average pre-bed rest va lue  o f  133 m l / m i n  t o  125 m l / m i n  o n  day 11, t h e r e  was a g radua l  rise 
t o  145 nl/min on day 18. 
below t h e  b a s e l i n e  level. 

After dropping from an 

After bed res to  t h e  c o n t r o l s  demonstrated a s t eady  dec rease  

C r e a t i n i n e  c l e a r a n c e  a t  n igh t  (2300-0700) was determined on f o u r  s u b j e c t s  (5 ,  6, 7, 
and 8) dur ing  t h e  t h r e e  p e r i o d s  (see Table  3.4). 
c l e a r a n c e  p e r i o d s  was t h e  same f o r  a l l  three experimental  pe r iods ,  showing 
p a t t e r n  i n  e i ther  p a i r  o f  s u b j e c t s .  
percent  o f  the 24 hour c l e a r a n c e  value.  
o f  t h e  24 hour GFR f o r  t h e  two e x e r c i s e r s  and t h e  two c o n t r o l s o  r e s p e c t i v e l y .  

Urinary Elect r o l  y t  e2 

t h e  day b e f o r e  o r  a f t e r  r e n a l  f u n c t i o n  tests.  
by u r i n a r y  volume p e r  u n i t  time and expressed as amount p e r  u n i t  time (mEq/L x L/day). 
Graphs o f  each e l e c t r o l y t e  appear  i n  Appendix I of P a r t  111. 
a r e  p re sen ted  i n  less d e t a i l  t han  t h e  q u a n t i t y  of any c o n s t i t u e n t  exc re t ed  p e r  day (mEq 
exc re t ed  p e r  day) ,  since t h e  effects o f  water  volume on c o n c e n t r a t i o n s  i s  excluded i n  t h e  
l a t t e r  parameter.  
d e a l i n g  w i t h  u r i n a r y  osmola l i t y .  

Average d i f f e r e n c e  between t h e  two 
no apparent  

The average f a l l  o f  GFR a t  n igh t  was determined a s  
The average n igh t t ime  c l e a r a n c e  was 83% and 76% 

A l l  u r i n a r y  c o n s t i t u e n t s  measured were determined from 24 hour pooled u r i n e  c o l l e c t e d  

Urine concen t r a t ions  (mEq/L) 

The u r i n a r y  c o n c e n t r a t i o n s  were m u l t i p l i e d  

Analysis  o f  free water  exchange i s  presented l a t e r  i n  t h e  s e c t i o n  

The 24 hour sodium concen t r a t ion  i n  e x e r c i s e  s u b j e c t s  dropped s l i g h t l y  throughout bed 
rest ,  markedly decreased f u r t h e r  on day 20, and r o s e  on ly  s l i g h t l y  by day 27. Sodium 
output .  measured i n  mEq/day was very s i m i l a r  i n  p a t t e r n ,  but  showed a g r e a t e r  a b s o l u t e  
dec rea$e  d u r i n g  bed rest. On day 11, sodium ou tpu t  was inc reased  o v e r  t h e  day 9 l e v e l  o f  
279 mEq/day by 30 mEq/day. T h e r e a f t e r ,  sodium ou tpu t  f o r  t h e  e x e r c i s e  s u b j e c t s  g r a d u a l l y  
decreased t o  232 mEq/day, o r  50 mEq lower than the  day 9 pre-bed rest b a s e l i n e  value.  
r e t u r n i n g  t o  normal ambulatory a c t i v i t y  on day 20, sodium e x c r e t i o n  dropped a b r u p t l y  t o  
130 mEq/day, o r  approximately 50% of  t h a t  observed b e f o r e  bed rest. The e x c r e t i o n  r a t e  
d i d  not r e t u r n  t o  day 9 l e v e l s  d u r i n g  t h e  fo l lowing  week. 

Upon 

The sodium concen t r a t ion  and ou tpu t  t r e n d  was n e a r l y  i d e n t i c a l  i n  both groups,  
varying o n l y  i n  t h e  magnitude of changes. 
o r  approximately 40 mEq/day more than  their  pre-bed rest b a s e l i n e  value.  
sodium ou tpu t  decreased s l i g h t l y ,  u n t i l  day 20, when bed rest was terminated.  The ou tpu t  
o f  93 mEq/day on day 20 was less than  50% of t h e  l a s t  v a l u e  measured du r ing  bed rest, and 
less than 30% o f  t h e  ou tpu t  o f  day 11. 

On day 11, t h e  c o n t r o l s  exc re t ed  302 mEq/day, 
After day 11, 

2o I Subject  Day 9 11 1 4  18 I 
5 
7 

2% o f  24 
h r  pool 

6 
8 

Z% o f  24 
h r  pool 

-- -- 111 104 136 
75 108 89 

87 71 86 8 2  87 

-- -- 73 111 136 
122 

81 85 51 84 81 

- 99 -- - 101 _. - 

- 138 1 2  -- 147 - -- 

TABLE 3.4, NIGHT (2300-0700) CREATININE CLEARANCE AS COMPARED TO 24 HOUR 
CLEARANCES. On s e l e c t e d  days d u r i n g  t h e  27 day experiment,  a sample o f  t h e  
n igh t  u r i n e  c o l l e c t i o n  was measured and compared w i t h  t h e  24 hour pooled 
urine (which included t h e  n igh t  u r i n e ) .  
p a i r  a r e  expressed a s  pe rcen t  of t h e  24 hour value,  
e x e r c i s e r s  and 6 and 8 were bed rest c o n t r o l s .  

Average n igh t  c l e a r a n c e s  f o r  each 
Sub jec t s  5 and 7 were 
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The comparison of t h e  changes i n  sodium ou tpu t  between c o n t r o l s  and e x e r c i s e  s u b j e c t s  
can be misleading unless d i e t a r y  f a c t o r s  a r e  considered.  
bed rest  had the  same sodium con ten t  f o r  both groups: however, du r ing  bed rest ,  d i e t a r y  
sodium of c o n t r o l s  was 40 mEq/day less  than t h a t  o f  e x e r c i s e r s ,  and i n  both groups d i e t a r y  
i n t a k e  was reduced from e q u i l i b r a t i o n  l e v e l s  du r ing  bed rest (see Appendix VIII, P a r t  1 1 ) .  
F u r t h e r  d a t a  on e l e c t r o l y t e  balance i s  p re sen ted  l a t e r  i n  t h e  s e c t i o n  on e l e c t r o l y t e  
metabolism. 

The d i e t a r y  regimen p r i o r  t o  

V a r i a t i o n s  i n  potassium concen t r a t ion  and e x c r e t i o n  were s i m i l a r  i n  both groups 
throughout t h e  experiment 
less than the amount exc re t ed  i n  t h e  pre-bed rest per iod.  
e x e r c i s e  and c o n t r o l  s u b j e c t s  were e x c r e t i n g  approximately 70 and 60 mEq/day o f  potassium, 
r e s p e c t i v e l y .  These levels of e x c r e t i o n  continued on days 16, 18, and 20, varying i n  ei ther 
group by on ly  f 6 mEq/day. 
45 mEq/day on days 23 and 26, whereas t h e  c o n t r o l s  exc re t ed  approximately 55 mEq/day, 
e s s e n t i a l l y  unchanged from bed rest obse rva t ions .  

Potassium ou tpu t  decreased on day 11, t o  approximately 20 mEq/day 
T h r e e  days l a t e r  (day 14)  the 

The e x e r c i s e  group demonstrated a reduced e x c r e t i o n  l e v e l  o f  

Controls  had a h ighe r  u r i n a r y  c h l o r i d e  concen t r a t ion  on day 11 than on day 9,  whereas 
t he  e x e r c i s e  group had a s i m i l a r  va lue  on both days.  
r e g i s t e r e d  a downward t r end  beginning with day 11, w i t h  both groups d e n o n s t r a t i n g  a reduced 
c h l o r i d e  e x c r e t i o n  ( r e l a t i v e  t o  pre-bed rest v a l u e s )  on day 20. 
ou tpu t  t r e n d s  were d i s s i m i l a r  i n  t h e  two groups. The e x e r c i s e r s '  ou tpu t  on day 9 was 282 
and t h e  c o n t r o l s '  was 234 mEq/day. The  c h l o r i d e  output  i n  t h e  e x e r c i s e  group remained t h e  
same on d a y l l ,  
t h e  e x e r c i s e r s '  ou tpu t  was r e l a t i v e l y  unchanged, followed by a second decrement i n  e x c r e t i o n  
o f  c h l o r i d e  on days 20 and 23 t o  186 and 161 mEq/day, r e s p e c t i v e l y .  
rest (day 261, t h e  e x e r c i s e  group 's  c h l o r i d e  output  began t o  r i s e  s l i g h t l y .  I n  c o n t r a s t  
t h e  c o n t r o l s  had a s l i g h t  increment on day 11, followed by a c l e a r  downward t r e n d  d u r i n g  
t h e  remainder o f  bed res t ,  ending i n  a very l a r g e  drop on day 20 vyhen t h e  output  was 
100 mEq/day, o r  170 mEq/day less than  t h e  pre-bed rest  b a s e l i n e  value.  
continued t o  e x c r e t e  very low l e v e l s  throughout t h e  recovery per iod.  
' 

t he  except ion o f  day 26, t h e  average va lues  were only s l i g h t l y  decreased du r ing  bed rest  
and recovery,  The c o n t r o l s  were very much below pre-bed rest b a s e l i n e  va lues  throughout 
bed rest  and recovery.  
i.e., osmotic  ou tpu t ,  a d i f f e r e n t  p a t t e r n  i s  revealed.  Controls  and e x e r c i s e r s  had t h e  
same ou tpu t  on day 9, whereas t h e  former averaged lower e x c r e t i o n  r a t e s  du r ing  bed rest 
than t h e  exercisers. Both groups had a c o n s i s t e n t  slow d e c l i n e  throughout post-bed res t ,  
resembling t h e  u r i n a r y  e x c r e t i o n  curve of sodium. 

Ch lo r ide  concen t r a t ions  i n  both groups 

On t h e  o t h e r  hand, c h l o r i d e  

w h i l e  t h e  c o n t r o l s  showed an inc reased  ou tpu t  of  30 mEq/day. After day 11, 

By t h e  end o f  post-bed 

The c o n t r o l  group 

Urinary o s m o l a l i t y  i n  t h e  e x e r c i s e  s u b j e c t s  tended t o  f l u c t u a t e  g r e a t l y  and, w i t h  

However, by conve r t ing  mOsm/L t o  mOsm/day (mOsm/L x urine vol /day)  

Urinary osmotic  concen t r a t ion  and o u t p u t s  were p l o t t e d  f o r  t h e  two groups i n  such  a 
way t h a t  changes o f  one parameter  r e l a t i v e  t o  t h e  o t h e r  can be compared w i t h  day 9, when 
both osmotic concen t r a t ion  and ou tpu t  s t a r t  from t h e  same po in t .  By t h i s  method, an es t i -  
mate o f  free water  c l e a r a n c e  can be made, since a r i se  i n  concen t r a t ion  ove r  t h a t  of 
osmotic ou tpu t  r e p r e s e n t s  a decreased p ropor t ion  of water t o  s o l u t e ,  and, likewise, a 
d i l u t i o n  o f  s o l u t e  by water  w i l l  show a concen t r a t ion  lower than osmotic output .  

The exercise group du r ing  bed rest had a h ighe r  l e v e l  o f  concen t r a t ion  than osmotic 
output  r e l a t i v e  t o  t h e  day 9 l e v e l s ,  i n d i c a t i n g  ail increased osmotic e x c r e t i o n  p ropor t iona l  
t o  f r e e  water.  The c o n t r o l s  had a l a r g e r  osmotic ou tpu t  r e l a t i v e  t o  concen t r a t ion  l e v e l s  
on days 11 and 14,  i n d i c a t i n g  an inc reased  s o l u t e  e x c r e t i o n ,  whereas t h i s  p a t t e r n  was 
reversed on days 16 and 18. Both groups showed a g r e a t e r  r e t e n t i o n  of s o l u t e s  (i.e., a 
decreased e x c r e t i o n )  t han  wa te r  fo l lowing  bed rest. 

A p a t t e r n  s i m i l a r  t o  t h e  above can be seen with t h e  convent ional  c a l c u l a t i o n  o f  
osmotic (COsm) and free water  (cH20) c l e a r a n c e s  by the  formulas below: 

% s m  = V x UOsm/POsm; cH20 = V - %sm 

(where U refers t o  u r i n a r y ,  P t o  plasma, and V t o  u r i n e  volume p e r  u n i t  time), 
averages a r e  p l o t t e d  i n  F igu re  3.3,  w h i l e  t h e  corresponding c a l c u l a t e d  va lues  appear i n  
Table  3.5. The e x e r c i s e  s u b j e c t s  show a g e n e r a l l y  dec reas ing  osmotic e x c r e t i o n  r e l a t i v e  

The d a i l y  
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FIG. 3.3. URINARY CONCENTRATION AND EXCRETION OF SOLUTES, Osmola l i ty  concen t r a t ion  and out- 
p u t  a r e  p l o t t e d  on t h e  same a b c i s s a  w i t h  t h e  r i g h t  o r d i n a t e s  ad jus t ed  so t h a t  t h e  two param- 
e t e r s  begin a t  t h e  same po in t  on day 9. The two p a i r s  of o r d i n a t e s  f o r  e x e r c i s e  and c o n t r o l  
s u b j e c t s  have t h e  same incremental  s c a l i n g  ( u n i t s / i n c h )  f o r  comparison of t h e  magnitudes of 
d i f f e r e n c e  between t h e  two parameters  i n  t h e  two groups of s u b j e c t s  ( l e f t  o r d i n a t e s  r ep resen t  
s ca l ed  va lues  f o r  mOsm/L and symbols f o r  t h e  corresponding va lues  a r e B - - E I  : r i g h t  o r d i n a t e s  
r e p r e s e n t  s ca l ed  va lues  f o r  mOsm/day, symbols f o r  corresponding va lues  a r e h  - - A 1. 

t o  f r e e  water.  The c o n t r o l s  show a higher  osmotic c l e a r a n c e  on days 11 and 14, which 
d iminished  on dags 16 and 18. 
days 20 and 23, whereas osmotic c l e a r a n c e  was decreased.  

I n  both groups,  f r e e  water c l ea rance  was inc reased  on 

Aldosterone a n a l y s i s  was completed f o r  3 of t h e  4 s u b j e c t s  i n  each group, on days 
10  and 19 ( s e e  Table  3.6). The  r e s u l t s  a r e  somewhat v a r i a b l e ,  i n  t h a t  two of t h e  exer- 
c i s e r s  had an inc reased  a ldos t e rone  e x c r e t i o n ,  w h i l e  two c o n t r o l s  manifested a decreased 
exc re t ion .  Subject  3 decreased  e x c r e t i o n ,  w h i l e  s u b j e c t  6 inc reased ,  and, thus ,  each had 
o p p o s i t e  p a t t e r n s  t o  t h e  o t h e r  two i n  t h e i r  group. 

~~ ___ 

Day 1 5 9 11 14 1 6  18 20 23 

'0 s m  3.12 3.50 3.49 3.54 3.34 3.45 3.24 2-50 2.41 

'H29 -2.32 -2.61 -2.57 -2.53 -2.47 -2.33 -2.33 -1.80 -1.74 
E x e r c i s e r s  

Co s m  2.39 2.92 2.98 3.17 3.15 2.96 2.94 2.40 2.49 
Co n t  ro  1 s 

'H20 -1.79 -2.21 -2.20 -2.21 -2.26 -2.11 -2.06 -1.60 -1.72 
I 

TABLE 3.5. OSMOTIC 
TROL SUBJECI'S. Three  days du r ing  e q u i l i b r a t i o n ,  f o u r  days du r ing  bed r e s t  and 
two days du r ing  recovery a r e  l i s t e d .  Blood samples were measured on t h e  morning 
(0700) concluding a 24 hour pooled c o l l e c t i o n  of u r i n e ,  except on days 1, 5, and 
23, on which t h e  blood samples were taken on t h e  morning beginning t h e  24 hour 
per iod.  

AND FREE WATER (cH20) CLEARANCES FOR EXERCISE AND CON- 
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I I 
Sub jec t  Day 10 19 Sub jec t  Day 10 19 

3 23  16 2 34 19 
5 16 22 4 22 10 

18 6 8 I 19 7 

Mean 18 19 21 16 

- I 
13 
I_ 

TABLE 3.6. ALDOSTERONE EXCRETION BEFORE AND AT THE END OF BED 
REST. Aldos te rone  (pgm/24 hours )  was measured a t  t h e  beginning 
and a t  t h e  end o f  bed rest  on 3 ou t  o f  4 s u b j e c t s  i n  t h e  exer- 
c ise  (3, 5, and 7) and c o n t r o l  (2 ,  4 ,  and 6) groups.  

Ur inary  c r e a t i n i n e  ou tpu t  f o r  t h e  exercise group d u r i n g  bed rest showed no p a t t e r n  
va ry ing  from 
average  e x c r e t i o n  du r ing  bed rest was 2.29 gms/day. 
dropped t o  2.0 gms/day on day 20 and 1.85 gms/day on day 23. 
approximately t he  same amount o f  c r e a t i n i n e  throughout  bed rest a s  they  had i n  pre-bed 
rest measurements (2.18 ,f 0.10 gms/day). 
1.9 gms/day on day  20 and t o  1.85 gms/day on day 23. 

t h e  average  v a l u e  observed  i n  pre-bed rest (2.25 2 0.05 gms/day). The 
After bed rest, however, va lues  

The c o n t r o l s  exc re t ed  

However, t h e i r  c r e a t i n i n e  ou tpu t  dropped t o  

Add i t iona l  Ur inary  Measurements 

T i t r a t a b l e  a c i d i t y  and s u l f a t e  were not  p a r t  o f  t h e  o r i g i n a l  des ign ,  bu t  were measured 
on s e l e c t e d  days  a s  shown i n  Tab les  3.7 and 3,8. 
t i t r a t i n g  u r i n e  t o  a pH o f  7.4 wi th  0.1N NaOH. 
method o f  F o l i n  (Hawk e t  a i . ,  p. 947, 1954). 

T i t r a t a b l e  a c i d i t y  was measured by 
I n o r g a n i c  s u l f a t e  was measured by t h e  

T i t r a t a b l e  a c i d i t y  was 39 mEq/L i n  both groups on day 9. During bed rest, t h e  
exercisers showed a decrement t o  approximately 30 mEq/L and cont inued  t o  e x c r e t e  t h a t  
amount th roughout  bed rest and recovery .  I n  c o n t r a s t ,  t h e  c o n t r o l  s u b j e c t s  evidenced a 
l a r g e  drop  t o  16 mEq/L, and cont inued  t o  e x c r e t e  t h a t  amount d u r i n g  bed r e s t  and recovery.  
On  day 15, a low average  was recorded  and was a t t r i b u t e d  p r i m a r i l y  t o  one s u b j e c t  (6) who 
r e g i s t e r e d  a n e g a t i v e  va lue .  
t h a t  day. 

The o t h e r  t h r e e  i n d i v i d u a l s  were r e l a t i v e l y  unchanged on 

Day 9 13 15 21 23  2 6  

1 38.0*(5.8*) 31.3 (6.3) 20.8 (6.3) 31.8 (6.5) 40.9 (5.8) 24.4 (6.3) 
3 45.3 (5.3) 38,s (5.7) 35.8 (5.7) 39.5 (5.7) 34.2 (5.6) 25.7 (5.6) 
5 38.8 (5.6) 18.5 (6.3) 41.8 (6.0) 22.7 (6.4) 13.2 (6.2) 26.3 (6 .2)  
7 36.0 (5.7) 17.4 (6.6) 39.4 (6.5) 10.5 (6.9) 14.3 (6 -4 )  35.8 ( 5 . 5 )  

Sub jec t  

- 
X 39.0 (5.6) 26.4 (6.2) 3.4.4 (6.0) 26.1 (6.3) 25.6 (6.0) 28.0 (5.9) 

2 56.1 (6.2) 32.3 (6.0) 29.5 (5,8) 30.0 (6 ,O)  18.7 (6.2) 23.4 (5.7) 
4 23.4 (6.3) 4.1 (7.0) 11.2 (6.9) 14.5 (6.7) 1 3 , O  (6.0) 17.9 (6.0) 

- 8 52.3 (5.9) 14.5 (6.6) 12.4 (6,7) 16.3 (6,SL 8.4 (6.52 7.8 (6.9) 
X 38.7 (6.1) 15.5 (6.6) 3.9 (7.0) 20.1 (6-3) 15.1 (6.3) 18.7 (6.1) 

6 23.1 (6.0) 11.2 (6.7) -37.3 (8,6) 19.7 (6.1) 20.5 (6.2) 25.9 (6.0) 

I 

TABLE 3.7. 
pooled u r i n e  on s e l e c t e d  days  and expressed  a s  mEq/day o f  hydrion. 
t h e  r i g h t  o f  each v a l u e  i n  p a r e n t h e s i s  (*es t imated ,  u r i n e  was not a v a i l a b l e ) .  

URINARY TITRATAELE ACIDITY (mEq/DAY). Ur ine  specimens were taken  from 24 hour 
Ur inary  pH appears  t o  
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Day 9 13 
Subjec t  

1 93.7" 97.4 
3 74.4 61.8 
5 74.4 55.0 
7 - 
X 

2 
4 
6 
8 - 
X 

120.5 
86,7 
11.3 
88.0 
83.7 
-_ 

A 56 3 
76.4 

89.4 
51.4 
43.4 

64.4 
71.2 

15 

95.0 
54.4 
76.8 
65.0 
72.5 

48.2 
55.0 
43.4 
83.1 
57.5 

- 

- 

TABLE 3.8. URINARY SULFUR (mEq/DAY). See T a b l e  3.7 f o r  ex- 
p lana t ion .  

Szl l fa te  levels on day 9 averaged 70 mEq/day, and remained v i r t u a l l y  unchanged on t h e  
o t h e r  two days analyzed f o r  t h e  e x e r c i s e  group. The c o n t r o l  group had a s u l f a t e  e x c r e t i o n  
o f  84 mEq/day on day 9 (pre-bed rest), but  showed a decrement of  approximately 20 mEq/day 
on day 13, wi th  an a d d i t i o n a l  drop o f  7 mEq/day on day 15. 

E l e c t r o l y t e  Metabolism 

A s tudy  of  t h e  exchange and balance of  e l e c t r o l y t e s  (sodium, potassium,and c h l o r i d e ) ,  
e s p e c i a l l y  a s  it p e r t a i n s  t o  t h e i r  i n t e r r e l a t e d ,  compensated o r  d i s o r d e r e d  s t a t e s ,  permits  
a more fundamental view o f  t h e s e  phys io logica l  events  dur ing  bed rest .  T h i s  t y p e  of  
a n a l y s i s  n e c e s s a r i l y  requires a number of c a l c u l a t e d  and der ived  va lues  of  d i e t a r y ,  u r i n a r y ,  
and serum c o n s t i t u e n t s  and, hence, each of  t h e s e  t h r e e  parameters  were changed t o  va lues  
&present ing  t h e  amount l o s t  o r  gained i n  mEq/day. 

The e x t r a c e l l u l a r  f l u i d  (ECF) e l e c t r o l y t e  conten t  was c a l c u l a t e d  by assuming s tandard  

These v a l u e s  were d e r i v e d  from measured blood volumes and known ECF volumes a f t e r  
v a l u e s  of  13.5 and 13.2 L a s  r e p r e s e n t i n g  ECF volume i n  t h e  e x e r c i s e r s  and c o n t r o l s ,  respec-  
t i v e l y .  
t h e  method o f  Edelman and Leibman (1959). The ECF volume m u l t i p l i e d  by t h e  serum concen- 
t r a t i o n  y i e l d s  an approximate ECF e l e c t r o l y t e  conten t  i n  mEq, t h e  v a l u e s  o f  which a r e  
inc luded  i n  Table  3.9. I n  t h i s  form, serum e l e c t r o l y t e  c o n c e n t r a t i o n s  can be employed i n  
t h e  assessment o f  e l e c t r o l y t e  metabolism. 
va lues  a r e  l i m i t e d  t o  t h e  a n a l y s i s  o f  t h e  c o n s t i t u e n t s  w i t h i n  one day, since day t o  day 
e v a l u a t i o n  mus t  be  cons idered  concomitant ly  wi th  changes i n  ECF volume due t o  e f f l u x  o r  
i n f l u x  of  free water. 

However, t h e  v a l i d i t y  of  t h e s e  c a l c u l a t e d  

Urinary e l e c t r o l y t e s  have been analyzed wi th  r e s p e c t  t o  input-output  ba lance ,  and 
wi th  r e s p e c t  t o  b a s e l i n e  e q u i l i b r a t i o n  l e v e l s  (day 9, which was assumed t o  be t h e  normal 
l e v e l  of  e x c r e t i o n  i n  t h e  ambulatory s ta te) .  
reduced i n  both groups d u r i n g  t h e  bed rest p e r i o d ,  there a r e  problems i n  a t tempt ing  t o  
make comparisons. I n  a d d i t i o n ,  potassium input-output  could not be c a l c u l a t e d  p r e c i s e l y  
due t o  t h e  ex t ra - rena l  e x c r e t i o n  of  t h i s  e l e c t r o l y t e  i n  t h e  s t o o l s ,  which was not measured. 
T h i s  problem does not  exist  i n  t h e  c a s e  o f  sodium and c h l o r i d e  input-output ,  since t h e  
on ly  r o u t e  by which t h e s e  two c o n s t i t u e n t s  a r e  excre ted  e x t r a - r e n a l l y  i s  i n  t h e  sweat 
(exc luding  small  amounts i n  t h e  s t o o l s ) .  
under t h e i r  r e s p e c t i v e  columns l a b e l e d  " u r i n e  mEq/day." 
t h e  number t h a t  appears  above t h e  output  v a l u e  i n  p a r e n t h e s i s  f o r  a l l  t h r e e  e l e c t r o l y t e s  
r e p r e s e n t s  a c o r r e c t e d  b a s e l i n e  l e v e l .  

Since t h e  d i e t a r y  e l e c t r o l y t e  input  was 

The u r i n a r y  output  v a l u e s  a r e  given i n  T a b l e  3.9 
I t  may be seen t h a t  on day 9, 

T h i s  v a l u e  was obta ined  by t h e  fo l lowing  formula: 

Day 9 u r i n a r y  output  - (pre-bed rest d i e t a r y  i n t a k e  - bed rest d i e t a r y  i n t a k e )  

Potassium ba lance  was obta ined  by s u b t r a c t i n g  t h e  c o r r e c t e d  u r i n a r y  va lue  from a l l  bed 
rest u r i n a r y  v a l u e s ,  and appears  a s  a "cor rec ted  balance" (see column under potassium 
en t i t 1 ed "Cor r b a l  " 
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Cumulative input-output  ba lances  f o r  sodium and c h l o r i d e ,  and cumulat ive c o r r e c t e d  
ba lances  f o r  potassium were obta ined  f o r  each day dur ing  bed rest (days 11, 14,  16, and 
18). 
of  ba lanc ing  potassium) appears  above t h e  day 18 v a l u e  (see column e n t i t l e d  "cum bal" ) .  
The cumulat ive balance was c a l c u l a t e d  by adding t h e  ba lances  f o r  each day;  hence, t h e  
day 18 va lue  r e p r e s e n t s  t h e  t o t a l  amount l o s t  o r  gained dur ing  t h e  f o u r  days of  bed rest 
s e l e c t e d  f o r  a n a l y s i s .  

A cumulat ive c o r r e c t e d  ba lance  f o r  sodium and c h l o r i d e  (corresponding t o  t h e  method 

On days 12 and 15, e x t r a c e l l u l a r  sodium l e v e l s  were approximately 40 mEq above the  
day 10 values  o f  1840 mEq f o r  t h e  e x e r c i s e r s  and 1777 mEq f o r  t h e  c o n t r o l s  (see Table  3.9). 
A f t e r  day 15, both groups showed a c o n s i s t e n t  decrease  u n t i l  day 27 ( t h e  t r e n d s  f o r  elec- 
t r o l y t e  va lues  i n  t h e  serum and ECF a r e  i d e n t i c a l  i n  p a t t e r n ,  of course ,  since the former 
i s  merely m u l t i p l i e d  by a cons tan t  t o  o b t a i n  t h e  l a t t e r  va lue) .  
parameter r e l a t i v e  t o  t h e  day 10 b a s e l i n e  va lues  a r e  given under t h e  column "ECF bal".  
Most i n d i v i d u a l  sodium ba lance  v a l u e s ,  a s  c a l c u l a t e d  by input-output ,  were negat ive  on 
day 11, showing a mean d e f i c i t  o f  -72 mEq f o r  t h e  e x e r c i s e  group and -104 mEq f o r  t h e  
c o n t r o l  group,  Except f o r  day 14,  on which t h e  e x e r c i s e r s  showed a s l i g h t  p o s i t i v e  ba lance ,  
both groups revea led  a cont inued negat ive  sodium balance,  amounting t o  a cumulat ive balance 
of  -94 mEq f o r  t h e  e x e r c i s e  group and -140 mEq f o r  t h e  c o n t r o l s  on day 18. (Balances 
determined by a c o r r e c t e d  day 9 v a l u e  were -114 and -244 mEq, r e s p e c t i v e l y ,  f o r  t h e  two 
groups.  1 

The changes i n  t h i s  

Average t o t a l  ECF potassium measured d u r i n g  bed rest increased  by 5 mEq on day 1 2  i n  
the  e x e r c i s e  group,  but t h e r e a f t e r  showed a small  decrement from the  b a s e l i n e  va lue  of  
approximately 2.5 mEq. 
p r o g r e s s i v e  potassium l o s s  throughout  bed rest .  
averaged 1-2 mEq h igher  i n  ECF potassium than t h e  day 10 value  of  47.5 mEq. 
ECF potassium l e v e l  was e s p e c i a l l y  ev ident  a f t e r  bed res t ,  averaging 5 mEq nore than t h e  
day 10 va lue .  
o f  potassium (152 mEq). 
l e v e l  which was equal  t o  t h e  output  dur ing  t h e  prev ious  bed rest per iod.  
' 

t h e  ECF was lower i n  both groups d u r i n g  bed rest than pre-bed r e s t ,  wi th  t h e  e x e r c i s e  group 
decreas ing  approximately 50 mEq and t h e  c o n t r o l s ,  25 mEq. A f t e r  bed r e s t ,  both groups 
cont inued t o  manifest a lower concent ra t ion .  As mentioned previous ly ,  t h e s e  changes may 
be r e l a t i v e  t o  movements,of f r e e  water  and, hence, may be m a n i f e s t a t i o n s  o f  changes i n  t h e  
concent rat  ion  o f  ECF contents .  

"Corrected" u r i n a r y  potassium b a l a n c e ' i n d i c a t e d  a s l i g h t  but  
During bed rest t h e  c o n t r o l s  c o n s i s t e n t l y  

T h e i r  e l e v a t e d  

The c o r r e c t e d  u r i n a r y  e x c r e t i o n  revea led  a very  l a r g e  and progress ive  l o s s  
During recovery,  both groups r e g i s t e r e d  a r e l a t i v e l y  cons tan t  

As would be expected from t h e  o b s e r v a t i o n  of  t h e  serum l e v e l s ,  c h l o r i d e  conten t  of  

Chlor ide  ba lance  i n  both groups showed a cumulat ive nega t ive  balance upon te rmina t ion  
o f  bed rest .  
days of recumbency, but  demonstrated a n e g a t i v e  ba lance  t h e r e a f t e r ,  a s  evidenced by a f i n a l  
ba lance  of - 5 8 m E q  by t h e  input-output  method, and -94 mEq by t h e  c o r r e c t e d  e q u i l i b r a t i o n  
method. A t  t h e  end o f  bed res t ,  t h e  c o n t r o l s  had a net ba lance  (by t h e  two methods of  
c a l c u l a t i o n )  of  -271 and -459 mEq, r e s p e c t i v e l y .  

The e x e r c i s e  s u b j e c t s  were i n  s l i g h t  p o s i t i v e  ba lance  on t h e  second and f i f t h  

The a d d i t i o n  of s tandard  u n i t s  (mEq) of  sodium and potassium permi ts  an e s t i m a t i o n  o f  
one o f  t h e  two p r i n c i p a l  an ions  i n  t h e  blood ( b i c a r b o n a t e ;  t h e  o t h e r  being c h l o r i d e ) ,  by 
t h e  fo l lowing  equat ion:  

sodium + potassium - c h l o r i d e  = b i c a r b o n a t e  

Estimated b i c a r b o n a t e  v a l u e s  from t h e  above formula a r e  given i n  T a b l e  3.10. 
es t imated  b i c a r b o n a t e  was 611 mEq f o r  t h e  e x e r c i s e  group and 580 mEq f o r  t h e  c o n t r o l  group, 
o r  an i n c r e a s e  o v e r  day 10 values  of  103 and 73 mEq, r e s p e c t i v e l y .  
had r e t u r n e d  t o  e s s e n t i a l l y  t h e  e q u i l i b r a t i o n  v a l u e  of  508 mEq by t h e  end of  bed rest 
(day 19) and remained f a i r l y  cons tan t  t h e r e a f t e r .  
l e v e l s  throughout bed res t ,  a t r e n d  t h a t  p e r s i s t e d  through ost-bed rest day 23, but 

On day 1 2  

The e x e r c i s e  s u b j e c t s  

Conversely,  t h e  c o n t r o l s  had e leva ted  

r e v e r t e d  t o  t he  pre-bed rest l e v e l  on t h e  f i n a l  day of  t h e  ! ecovery per iod.  
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Day 1 5 10 1 2  15 19 21 23  27 

E x e r c i s e r s  533 547 508 611 576 529 518 500 502 

Experimental  Group Day 10 11 1 2  13 14 15 16 17 18 19 20 21 23 27 

E x e r c i s e r s  .264 .264 .259 .249 .260 .258 .243 .250 .256 .243 .263 .262 .277 .255 

Con t r o  1 s .285 .278 .269 .261 .267 .252 .255 .261 .243 .246 .253 .269 .262 .255 
I 

Con t r o  1 s 582 514 507 580 379 554 633 526 501 

TABLE 3.10. SERUM BICARBONATE LEVELS ESTIMATED FROM SODIUM, POTASSIUM, 
AVD CHLORIDE. 
f l u i d  (ECF), der ived  by assuming an ECF volume of  13.5 L and 13.2 L i n  
e x e r c i s e  and c o n t r o l  s u b j e c t s ,  r e s p e c t i v e l y .  

The v a l u e s  a r e  expressed a s  t o t a l  m E q  i n  t h e  e x t r a c e l l u l a r  

An assessment of  t o t a l  s o l u t e  balance was made by combining a l l  of t h e  measured 
u r i n a r y  e l e c t r o l y t e s .  
The t a b l e  below summarizes t h e s e  v a l u e s ,  and a s  i n  Table  3.9, t h e  c o r r e c t e d  day 9 v a l u e  
and t h e  cumulat ive balance on  day 18, appear  i n  p a r e n t h e s i s .  
determined by t h e  method employed i n  t h e  c a l c u l a t i o n  of  potassium balance,  a s  descr ibed  
previous ly  i n  t h i s  s e c t i o n .  

I n  Appendix I ,  t h i s  ba lance  i s  compsred w i t h  osmotic e x c r e t i o n .  

The cumulat ive balance was 

Both groups revea led  an e l e v a t e d  output  of e l e c t r o l y t e s  r e l a t i v e  t o  t h e  c o r r e c t e d  
day 9 v a l u e  and, except f o r  a small  increment due t o  an increased  c h l o r i d e  output  on 
day 16 i n  t h e  e x e r c i s e  group, both decreased i n  output  a f t e r  day 11. The reduced e x c r e t i o n  
on day 20, which a s  prev ious ly  mentioned, was due t o  sodium and c h l o r i d e  r e t e n t i o n ,  was 
67% of  t h e  day 11 v a l u e  i n  t h e  e x e r c i s e  group and 40% of  t h e  day 11 v a l u e  f o r  t h e  c o n t r o l s .  

Day 1 5 9 11 14 16 18 20 23 26 

(485)  (-348 

(295) (-816 1 
E x e r c i s e r s  451 706 637 651 494 607 536 383 366 380 

Cont ro ls  530 596 565 621 494 449 471 250 377 249 
1 1 

TABLE 3.12. 
bed rest (days 11-19) and on t h e  f i r s t  day of recovery b e f o r e  ambulation (day 20) .  
se rved  a s  a pre-bed rest b a s e l i n e  r e f e r e n c e  va lue  and measurements were a l s o  taken on days 21, 
23, and 27 dur ing  recovery.  

BASAL OXYGEN CONSUMPTION (L/MIN). Basal metabolism was taken a t  0700 d a i l y  d u r i n g  
Day 10 
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The e x e r c i s e  group ' s  mean basa l  oxygen consumption showed a genera l  t r e n d  downward 
dur ing  bed rest (see Table  3 .12) .  However, on days 14 and 15 (mid-bed r e s t ) ,  t h e r e  was 
a t r a n s i t o r y  rebound followed by another  d e c l i n e  through day 19. 
basa l  oxygen consumption o b s e r v a t i o n s  dur ing  post-bed rest were somewhat v a r i a b l e  f o r  t h e  
e x e r c i s e r s ,  they  were d e f i n i t e l y  h i g h e r  than  most bed rest observa t ions .  The c o n t r o l  
s u b j e c t s  showed a more uniform and c o n s i s t e n t  drop  i n  basa l  oxygen consumption dur ing  bed 
r e s t ,  followed by an immediate r i s e  upon t e r m i n a t i o n  of  bed rest. 

Although t h e  t h r e e  

Basal pulmonary v e n t i l a t i o n  f o r  t h e  e x e r c i s e  group was v a r i a b l e  between days 10 and 
18 (from 6.043 t o  6.353 L), a t  which time a d e f i n i t e  d e c l i n e  was noted.  However, by day 
20 t h e  basa l  v e n t i l a t i o n  had n e a r l y  r e t u r n e d  t o  t h e  pre-bed rest v a l u e  of  6.197 L observed 
on day 10 and remained r e l a t i v e l y  unchanged on days 21 and 23. A comparable p a t t e r n  was 
observed f o r  t h e  non-exercis ing c o n t r o l s .  Respi ra tory  r a t e ,  a l though v a r i a b l e  dur ing  bed 
res t ,  tended t o  d e c l i n e  i n  t h e  e x e r c i s e  group. No c l e a r  p a t t e r n  was observed i n  t h e  con- 
t r o l  s u b j e c t s .  

I n  t h e  e x e r c i s e r s ,  t h e  percent  of  true oxygen ( o r  t h e  number of  l i t e r s  of  oxygen 
u t i l i z e d  per  100 l i t e r s  o f  v e n t i l a t e d  a i r )  showed an immediate drop  from 4.30 t o  4.17 
upon i n i t i a t i o n  of bed r e s t ,  but was fol lowed by a tendency toward s t a b i l i z a t i o n  through 
day 17. An i n c r e a s e  t o  4.35 was observed on day 18, fol lowed by a reduct ion  t o  4.26 and 
4.17 on days 19 and 20, r e s p e c t i v e l y .  Upon t e r m i n a t i o n  o f  bed res t ,  t h e  percent  true 
oxygen t r e n d  reversed  and remained e l e v a t e d  o v e r  t h e  pre-bed rest v a l u e  throughout recovery .  
The c o n t r o l  group demonstrated a s h a r p e r  decrement i n  t h e  f i r s t  days of bed rest (from 4.40 
on day 10 t o  4.12 on day 13) and cont inued t o  d e c l i n e  slowly throughout bed res t ,  reaching 
a v a l u e  of  3.90 on day 20. There was an immediate r ise  t o  4.20 on day 21 i n  t h e  c o n t r o l s ,  
an apparent  peak va lue  t h a t  remained v i r t u a l l y  t h e  same on days 23  and 27. 

During bed rest and recovery ,  t h e  e x e r c i s e r s '  r e s p i r a t o r y  q u o t i e n t  ( R Q )  tended t o  

The c o n t r o l  group showed a near ly  
vary r a t h e r  c l o s e l y  about t h e  day 10 pre-bed r e s t  v a l u e  of 0.81, al though it  was c l e a r l y  
h i g h e r  on day 16 (0.88) and lower on day 27 (0.73). 
cons tan t  RQ of  0.79 on day 10 and dur ing  t h e  f i r s t  three days of bed rest. There was a 
d e f i n i t e  r i s e  i n  t h e i r  RQ a f t e r  day 1 2  d u r i n g  t h e  remainder of bed r e s t ,  a l though t h e r e  
was some v a r i a b i l i t y .  Immediately fo l lowing  bed res t ,  t h e  c o n t r o l s  demonstrated a drop  
i n  RQ t o  near  pre-bed rest va lues .  

On t h e  f i r s t  evening fo l lowing  bed res t ,  t h e  r e s t i n g  oxygen consumption was lower 
than pre-bed rest v a l u e s  i n  both t h e  e x e r c i s e  and c o n t r o l  groups.  
re turned  t o  near  pre-bed r e s t  v a l u e s  on days 22 and 26. 
consumption averaged approximately 30% h i g h e r  than t h e  corresponding b a s a l  va lues  i n  both 
groups,  

Both groups t h e n  
The evening r e s t i n g  oxygen 

Rest ing pulmonary v e n t i l a t i o n  i n  t h e  e x e r c i s e  group d i d  not  change apprec iab ly ,  
whereas the c o n t r o l s  showed a d e f i n i t e  d e c l i n e  d u r i n g  bed r e s t ,  fol lowed by a r e t u r n  
t o  pre-bed rest v a l u e s  on days 22 and 26. 
averaged approximately 30% h i g h e r  t h a n  t h e  b a s a l  v a l u e s  f o r  both groups.  
g roup ' s  evening r e s p i r a t o r y  r a t e  d i d  not vary apprec iab ly  d u r i n g  t h e  experiment.  
c o n t r o l s ,  however, showed a s l i g h t  d e c l i n e  on day 20 as compared t o  day 9. 
h i g h e r  r e s p i r a t o r y  rates d u r i n g  t h e  evening metabolism (approximately 20 p e r c e n t )  than 
f o r  t h e  morning b a s a l  de te rmina t ions .  

The evening p u l m o n a r y v e n t i l a t i o n  va lues  a l s o  
The e x e r c i s e  

The 
Both groups had 

Percent  t r u e  oxygen v a l u e s  secured d u r i n g  t h e  evening metabolisms were g e n e r a l l y  
only  s l i g h t l y  lonrer t h a n  t h e  b a s a l  v a l u e s  obta ined  on t h e  fo l lowing  morning. 
v a l u e s  f o r  both t h e  e x e r c i s e r s  and c o n t r o l s  remained r e l a t i v e l y  unchanged d u r i n g  t h e  
experiment.  
than corresponding b a s a l  v a l u e s ,  but  o therwise  f a i l e d  t o  show any d i s t i n c t  p a t t e r n  
throughout t h e  experiment .  

The mean 

Evening metabolism r e s p i r a t o r y  q u o t i e n t s  ( R Q )  tended t o  be s l i g h t l y  h igher  
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27 I Day 3 10 11 12 13 14 15 16 17 18 19 20 21 2 3  

E x e r c i s e r s  31'3 50.5 34.8 30.5 48.0 49.3 49.3 49.7 50.7 50.0 18.0 53.3 31.0 54.2 51.0 

Cont ro ls  60-0 60.0 57.3 55-5 56.8 54.5 54.8 59.5 59.8 55.5 57.0 54.2 63.8 63.5 60.3 

Table  3.13. 
t h e  10 m i n  basa l  metabolism tes t .  
pro tocol  preceding. 

BASAL HEART RATE (BEATS/MIN). Basal h e a r t  r a t e  was taken  by 
S u b j e c t s  were i n  t h e  post  a b s o r p t i v e  s 

The d a t a  i n  Table  3.13 r e v e a l  t h a t  t h e  b a s a l  h e a r t  r a t e  f o r  t h e  e x e r c i s e  group was cons is -  
t e n t l y  lower than t h a t  of  t h e  c o n t r o l s .  The o b s e r v a t i o n s  f o r  days 5 and 10 (pre-bed res t )  
show c l o s e  agreement f o r  each group. The e x e r c i s e r s  d i d  not demonstrate  a c l e a r  t r e n d  
dur ing  bed rest o r  recovery,  a s  t h e i r  mean v a l u e s  f o r  t h e s e  p e r i o d s  v a r i e d  r a t h e r  c l o s e l y  
about t h e i r  pre-bed rest o b s e r v a t i o n s .  The c o n t r o l s ,  however, demonstrated a genera l  
d e c l i n e  d u r i n g  t h e  f i r s t  f i v e  days o f  bed rest ,  which was followed by a t r a n s i t o r y  rebound 
on days 16 and 17 and another  d e c l i n e  d u r i n g  t h e  l a s t  t h r e e  days of  bed rest .  Basal h e a r t  
r a t e  o b s e r v a t i o n s  f o r  t h e  c o n t r o l s  dur ing  t h e  recovery per iod  showed an immediate, r a t h e r  
dramat ic ,  i n c r e a s e  above pre-bed rest v a l u e s  on days 21 and 23, followed by a f a l l  t o  pre- 
bed rest l e v e l s  on day 27. 

Anthropometric Data 
Bed rest e f f e c t s  on body composition, a s  es t imated  by t o t a l  body potassium count ,  

underwater immersion and s k i n f o l d  c a l i p e r s ,  and their  r e l a t i o n s h i p s  a r e  summarized i n  
Table  3.14. T o t a l  body potassium (K40) was measured i n  v ivo by a one hour count i n  a 
s h i e l d e d  chamber p r i o r  t o  t h e  i n j e c t i o n  of  r a d i o a c t i v e  i s o t o p e s  on day 5 of  t h e  equi l -  
i b r a t i o n  per iod .  The e x e r c i s e  group averaged 199.5 gm of potassium, compared t o  187,8 gm 
f o r  t h e  c o n t r o l s .  After t h e  s u b j e c t s  had been i n j e c t e d  wi th  i s o t o p e s  f o r  r e l a t e d  measure- 
ments, r e p e a t  de te rmina t ions  were made on day 10 and y ie lded  mean va lues  o f  163.8 and 
172.0 gm f o r  t h e  e x e r c i s e r s  and c o n t r o l s ,  r e s p e c t i v e l y .  Although there was some i n d i v i d u a l  
v a r i a b i l i t y  i n  t h e  K40 resul ts ,  i t  would appear  t h a t  both groups l o s t  l e a n  body mass d u r i n g  
bed rest. The c o n t r o l  group ' s  mean l o s s  was more than twice t h a t  o f  t he  e x e r c i s e r s '  (-11.3 
and 4.8 gm, r e s p e c t i v e l y ) .  Both groups reversed  their  bed rest  K40 l o s s  fo l lowing  t h e i r  
r e t u r n  t o  s i x  days of  normal ambulatory a c t i v i t y  dur ing  t h e  recovery per iod ,  r e g a i n i n g  7.5 
and 2.3 gm o f  t h e i r  l o s s ,  r e s p e c t i v e l y .  

Body Weight (kg)  K40 (gm) LBU (kg)* %Body Fat" %Body Fat** 
E x e r c i s e  Group 

Day 9 69.78 164 61.04 12.85 11.33 
10.90 Day 20 69.66 - 159 60.45 13.25 

D i f f e r e n c e  0.12 5 0.59 +m 0.43 
-- 

Percent  Change from Day 9 0.17 3.05 0.97 --- --- 
Control  Group I Dav 9 69.58 

Dai 20 68.82 
Dif fe rence  0.76 
Percent  Change from Day 9 1.09 

172 59.71 13.93 11.75 
161 
11 
- 15.23 

1.50 + 1.30 
__- 58.21 11 -38 

0.37 

TABLE 3.14, BODY COMPOSITION. 
e q u i l i b r a t i o n  w i t h  a low r e s i d u e  d i e t  o f  f i x e d  c a l o r i c  and water  in take .  
ues  were determined on the f i r s t  day o f  recovery before  ambulatory a c t i v i t i e s  began, 
measurements were taken between 1O:OO-11:45 a.m. i n  t h e  pos t -absorp t ive  s t a t e . )  T o t a l  body 
p3tassium (K40) was determined by s c i n t i l l a t i o n  counter ,  w h i l e  percent  l e a n  body mass (LBil?) 
and body f a t  were determined by water  immersion densi tometry (*I, w h i l e  body f a t  was a l s o  
es t imated  by s k i n f o l d  c a l i p e r s  ( * * I .  

Pre-bed rest measurements were taken a f t e r  8 days of  d i e t a r y  
Post-bed rest va l -  

( A l l  
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Both groups l o s t  l e a n  body mass, a s  determined by underwater immersion, dur ing  bed 
r e s t ,  w i t h  t h a t  o f  t h e  non-exercis ing c o n t r o l s  amounting t o  approximately 1.3 kg, whi le  
t h a t  o f  t h e  e x e r c i s e r s  was approximately 0.6 kg. 
potassium (K40) and water  immersion LBU changes dur ing  bed rest r e v e a l s  agreeaent  i n  
d i r e c t i o n ,  a l though t h e  former y ie lded  approximately twice  t h e  magnitude o f  change 
(expressed a s  p e r c e n t ) .  

Thus, comparison between t o t a l  body 

The percent  o f  body weight es t imated  a s  f a t  from the  underwater immersion d a t a  r o s e  

I n  c o n t r a s t ,  percent  of  body weight es t imated  a s  f a t  by t h e  s k i n -  
only s l i g h t l y  i n  t h e  e x e r c i s e r s  dur ing  bed rest (0.401, but  was quite apparent  i n  the 
c o n t r o l  group (1.30). 
f o l d  c a l i p e r  technique  revea led  a s l i g h t  reduct ion  i n  seven o f  t h e  e i g h t  s u b j e c t s  fo l lowing  
bed rest ,  w i t h  mean v a l u e s  o f  0.43 and 0.38 percent  i n  t h e  e x e r c i s e  and t h e  c o n t r o l  group, 
r e s p e c t i v e l y .  A small  but  measurable i n c r e a s e  over  immediate post-bed rest va lues  f o r  
t h i s  parameter was noted on day 26 a t  t h e  end o f  t he  recovery per iod .  

Chest and w a i s t  c i rcumference values ,which a r e  included i n  Appendix 111 o f  t h i s  P a r t ,  
were v a r i a b l e ,  wi th  no c l e a r  p a t t e r n  evidenced i n  e i t h e r  group. Other  body circumference 
parameters  and s t r e n g t h  d a t a  a r e  summarized i n  Table  3.15. I t  can be seen t h a t  both 
groups demonstrated a very small  i n c r e a s e  i n  upper arm and c a l f  c i rcumferences dur ing  
bed r e s t ,  w i t h  no a p p r e c i a b l e  change dur ing  t h e  recovery per iod .  The c o n t r o l s  showed a 
drop o f  1 .23 cm i n  t h i g h  circumference d u r i n g  bed r e s t  w h i l e  t h e  e x e r c i s e r s  demonstrated 
a much s m a l l e r  reduct ion  (0.20 cm). 

Gr ip  s t r e n g t h ,  s t r a n g e l y ,  was found t o  d e c l i n e  s l i g h t l y  w i t h  bed rest  i n  t h e  exer-  
c i s e r s  (2.93 l b s ) ,  whi le  t h e  c o n t r o l s  showed a measurable i n c r e a s e  (9.37 l b s ) .  Day 27 
recovery g r i p  s t r e n g t h  va lues  f o r  both groups were s l i g h t l y  lower than t h e  immediate 
post-bed rest  day 20 va lues .  Mean k n e e  ex tens ion  s t r e n g t h  d i d  not change apprec iab ly  i n  
t h e  e x e r c i s e r s  dur ing  bed rest ( i n c r e a s i n g  2.10 l b s ) , b u t  increased  s u b s t a n t i a l l y  (12.90 
l b s )  over  t h e  pre-bed r e s t  v a l u e  on day 26. The non-exercis ing c o n t r o l s  showed a marked 
drop i n  knee ex tens ion  s t r e n g t h  dur ing  bed rest (14.37 l b s ) ,  but  by the  end o f  recovery  
(day 26) they  surpassed t h e i r  pre-bed rest  l e v e l .  P l a n t a r  f l e x i o n  s t r e n g t h  increased  
p r o g r e s s i v e l y ,  and r a t h e r  d r a m a t i c a l l y ,  i n  both groups throughout t h e  experiment ,  t h u s  
'suggesting a p o s s i b l e  " learn ing"  e f f e c t .  

I 
V a r i a b l e  

Upper arm c i r c u m f e r e w e  

Calf  c i rcumference 

Thigh circumference 

Gr ip  s t r e n g t h  

Knee ex tens ion  s t r e n g t h  

P l a n t a r  f l e x i o n  s t r e n g t h  

E x e r c i s e  Group's Means 

Day 9 Day 20 Day 26 

25.93 26.10 26.00 

35.98 35.60 36.45 

49.55 49.35 50.18 

121.83 118.90 115.49 

177.50 179.60 192.50 

264.17 279.58 306.25 

Control  Group's Means 

Day 9 Day 20 Day 26 

25.18 26.23 26.33 

33.95 33.80 33.68 

50.98 49.75 49.93 

107.50 116.87 115.77 

161.70 147.33 170.42 

221.67 249.75 265.84 
t 

TAKE 3.15. MEAN LIMB CIRCUMFERENCE AND STRENGTH VALUES. 
t he  muscles i n  a re laxed  s t a t e  by means o f  a steel t a p e  graduated t o  t h e  n e a r e s t  1/10 cm. 
one measurement was taken on t h e  days s p e c i f i e d .  
three t r i a l s  i n  l b s .  

Limb circumferences were measured w i  1 h 
Only 

S t r e n g t h  s c o r e s  were recorded a s  t h e  bes t  o f  
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I V i t a l  Capaci ly  ( l i t e rs )  Residual  Volume ( l i t e r s )  I 
Suhj ect # 

1 
3 
5 
7 

Exerc ise  j2  

2 
4 
6 
8 

Control 3 

Day 0 
5.69 
3.91 
4.66 
5.90 

5 .0g  

5.11 
4.56 
4.15 
5.74 

4.89 

Day 9 
5.85 
4.08 
4.52 
5.86 

5.03 

5.21 
5.04 
4.18 
5.64 

5.02 

Day 20 
5.97 
4.09 
4.42 
5.75 

5.06 

5.41 
4.75 
4.02 
5.45 

4.83 

Day 26 
5.81 
3.92 
4.61 
5.90 

5.06 

5.11 
5.00 
4.11 
5.51 

4.93 

0,927 
0.784 
0.779 
1,080 

0.893 

1.603 
0.865 
1.009 
1.131 

1.152 

TABLE 3.16. 
(day 01, just  p r i o r  t o  bed rest (day 9 ) ,  on the f irst  day of  recovery (day 201, and a t  t h e  
end of  recovery (day 2 6 ) .  
ua l  volume was determined only  once ( a t  t h e  end of  the exp2riment) .  

RESPIRATORY VOLUMES. V i t a l  c a p a c i t y  was determined b e f o r e  t h e  experiment 

A l l  measurements were taken i n  the pos t -absorp t ive  s ta te .  Resid- 

T a b l e  3.16 c o n t a i n s  i n d i v i d u s l  s u b j e c t  and group d a t a  f o r  v i t a l  c a p a c i t y  and r e s i d u a l  
I t  can be seen t h a t  v i t a l  c a p a c i t y  d i d  not change apprec iab ly  lung volume de termina t ions .  

< i n  the e x e r c i s e  group, w h i l e  a 200 m l  d rop  from t h e  pre-bed rest v a l u e  was observed on 
day 20 i n  t h e  c o n t r o l s .  They rega ined  h a l f  (approximately 100 m l )  o f  t h i s  l o s s  by t h e  
s i x t h  day o f  recovery (day 2 6 ) .  

Residual lung volume was measured only once ( a t  t h e  end of the experiment) .  The mean 
r e s i d u a l  volume f o r  the e x e r c i s e  group was S u b s t a n t i a l l y  less  (0.893 L) than  t h e  non- 
e x e r c i s i n g  c o n t r o l s  (1.152 I,), which i s  somewhat s u r p r i s i n g  i n  view of  their  n e a r l y  equal  
post-bed rest v i t a l  c a p a c i t i e s  of 5.06 and 4.93 L ,  r e s p e c t i v e l y .  

- ,  P h y s i o l q q i c a l  Response t o  Exerc ise  

The dynamic response  t o  a 30 m i n u t e  bout of work was s t u d i e d  b e f o r e ,  during,and a f t e r  
bed rest i n  t h e  e x e r c i s e  group and d u r i n g  pre- and post-bed rest per iods  i n  t h e  c o n t r o l  
group. 
r e n a l  c l e a r a n c e s ,  e l q c t r o l y t e  e x c r e t i o n ,  aqd r e s p i r a t o r y  metabolism. Measurements were 
made on days 10, 1 2 ,  15, 19, 21 and 27, which have heen r e f e r r e d  t o  prev ious ly  i n  the  
t e x t  as r e n a l  f u n c t i o n  test  days.  
t o  t h e  d i s t o r t i o n  of  t h e s e  v a l u e s  by t h e  l a r g e  water  load.  Sirwe t h e  u r i n e  volume was 
measured dur ing  t h e  t es t s ,  it  was p Q s s i b l e  t a  e l i m i n a t e  t h e  d i l u t i o n  e f f e c t  on u r i n a r y  
e l e c t r o l y t e s  by express ing  the v a l u e s  i n  u n i t s  of time. r a t h e r  than i n  u n i t s  o f  volume 
( i .e .  , , u E q / m i n ,  as opposed t o  mEq/L). 

The p h y s i o l o g i c a l  parameters  measured included t h o s e  necessary f o r  determining 

Blood c o n s t i t u e n t s  were not analyzed on these days due 

Exercise Renal Function- 

r e s t i n g  RPF, ie . ,  vary ing  i n  phase wi th  t h e  r e s t i n g  changes and d i f f e r i n g  only  i n  t h e  
a b s o l u t e  l e v e l  of  respon5e. 
l e v e l s ,  it can be seen t h a t  i n  on ly  a few i n s t a n c e s  d i d  t h e  percent  pf  change dur ing  

The e x e r c i s e  group ' s  RPF dur ing  e x e r c i s e  r e f l e c t e d  t h e  same respnse p a t t e r n  a s  the 

I f  RPF d u r i n g  e x e r c i s e  i s  expressed a s  t h e  percent  of r e s t i n g  
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FIGURE 3.4. RENAL CLEARANCES BEFORE, DURING, AND AFTER 30 MINUTES EXERCISE. Two r e s t i n g  
c l ea rances  were taken before  e x e r c i s e ,  one dur ing  e x e r c i s e ,  and two a f t e r  e x e r c i s e .  GFR was 
measured once be fo re  and once du r ing  e x e r c i s e  by t h e  endogenous c r e a t i n i n e  method.  Exerc ise  
s u b j e c t s  performed t h e  e x e r c i s e  bout du r ing  t h e  r ena l  func t ion  t e s t s ;  c o n t r o l s  exe rc i sed  o n l y  
on pre- and post-bed r e s t  r ena l  func t ion  test days 8 - - - 8 p r e - e x e r c i s e  c learances;-  
c l ea rances  du r ing  e x e r c i s e ; @  @ pos t - exe rc i se  c l e a r a n c e s ) .  

bed r e s &  vary from pre-bed r e s t  measurements ( s e e  F igure  3 .4 ) .  
6 7  2 4% o f  r e s t i n g  RPF on days 10,  12,  l 5 , and  27. 
i n d i c a t i n g  a sma l l e r  depress ion  of RPF dur ing  e x e r c i s e .  
on day 21 were d i s r ega rded  i n  t h e  e x e r c i s e  group ( s u b j e c t s  1, 5 ,  and 7 )  f o r  reasons men- 
t i oned  e a r l i e r  (see s e c t i o n  on r ena l  f u n c t i o n ) ;  t h e  va lue  f o r  sub jec t  3 on day 21 was 
63% of  r e s t i n g  RPF. 
amounting t o  77 2 2% of r e s t i n g  on days 10 and 27 and 62% on day 21. 

The e x e r c i s e  RPF was 
On day 19 t h e  va lue  was 82% of r e s t i n g ,  

T h r e e  of t h e  four r e s t i n g  va lues  

The c o n t r o l  s u b j e c t s  demonstrated a depressed  RPF dur ing  e x e r c i s e  

On c e r t a i n  days,  t h e  e x e r c i s e  s u b j e c t s  revea led  a very marked change i n  GFR i n  
response t o  e x e r c i s e .  
30 m l / m i n  (78% o f  r e s t i n g )  i n  e x e r c i s e r s .  
dep res s ion ,  although v a r i a b l e ,  was always of a l a r g e r  magnitude than 78% of t h e  r e s t i n g '  
va lue  observed on  day 10. 

On  day 10 t h e  depress ion  of GFR from r e s t i n g  va lues  of 133 was 
As t h e  experiment progressed t h e  degree  of 

On days 15  and 21, t h e  depress ion  was extremely l a r g e ;  w i t h  
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FIGURE 3 . 5 .  Urine specimens were collected 
the end af  exercise and represented the total urine production during the 30 minutes of work. Since 
resting urine levels were assumed to be coqstaut durjng bed rest, pre-exerci$p urines were re- 
presented by 24 hour pooled urine samples. Pre-exercise urine samples were not measured durlng 
the ambulatory periods Q - - - - 9 2 4  haur urine excretion:@-4 urine collected at the erld of  
exercise). 

ELECTROLYTE EXCRETION DURING REST AND EXERCISE. 
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e x e r c i s e  v a l u e s  of 55 m l / m i n ,  a s  compared t o  t h e  r e s t i n g  va lues  of 150 and 132 ml/min, 
o r  35% and 41% of r e s t i n g ,  r e s p e c t i v e l y .  
a depress ion  of t h i s  o r d e r ,  w i t h  t h e  s i n g l e  except ion being a d i f f e r e n t  s u b j e c t  i n  each 
ins tance .  On days 12,  19,and 27, r e s t i n g  GFR was 142 1: 10 ml/min, and was depressed t o  
84 f 6 m l / m i n  d u r i n g  e x e r c i s e .  
and dur ing  e x e r c i s e  was depressed t o  1 0 8 m l / m i n ,  o r  82%. 
118 m l / m i n  and was depressed t o  113 m l / m i n  on both days ,  o r  88% and 96% of  r e s t i n g  v a l u e s ,  
r e s p e c t i v e l y .  
c o n t r o l s  on days 21 and 27. 

On e i t h e r  day,  t h r e e  of  f o u r  s u b j e c t s  had 

The r e s t i n g  va lue  on day 10 f o r  t h e  c o n t r o l s  was 131 m l / m i n  
On days 21 and 27, GFR was 128 and 

Hence, there was a much smal le r .depress ion  of  GFR dur ing  e x e r c i s e  i n  t h e  

Sodium e x c r e t i o n  dur ing  e x e r c i s e  was depressed dur ing  bed rest t o  vary ing  e x t e n t s  i n  
the e x e r c i s e  group,  w i t h  t h e  g r e a t e s t  depress ion  (60% of  r e s t i n g )  observed midway through 
bed rest. However, the  
r a t e  of e x c r e t i o n  d u r i n g  e x e r c i s e  was t h e  same on t h e  three ambulatory r e n a l  func t ion  test  
days (days 10, 21, and 27)  i n  t h i s  group. 
a f t e r  e x e r c i s e  on days 10 and 27, but a g r e a t e r  depress ion  on day 21. 
day 21 was .98 

Pre-exercise  va lues  were not a v a i l a b l e  d u r i n g  ambulatory per iods .  

The c o n t r o l s  had an equal  r a t e  of  e x c r e t i o n  
The mean va lue  f o r  

Eq/min compared w i t h  208 Eq/min on day 10 and 192 Eq/min on day 27. 

Potassium e x c r e t i o n  r a t e s  dur ing  e x e r c i s e  were c o n s i s t e n t l y  h igher  than r e s t i n g  r a t e s  

The c o n t r o l  s u b j e c t s  d i d  not dem- 
i n  t he  e x e r c i s e  s u b j e c t s .  
increased over  the day 10 e x e r c i s e  va lue  of 89 
o n s t r a t e  any change i n  r a t e  dur ing  e x e r c i s e  on  r e n a l  f u n c t i o n  test days 10 o r  21. 
27, t h e i r  r a t e  of  e x c r e t i o n  dur ing  t h e  e x e r c i s e  per iod was 102 
68 

I n  a d d i t i o n ,  w i t h  the  except ion of day 12 ,  a l l  o t h e r  days were 

On day 
Eq/min compared t o  73 and 

Eq/min. 

Eq/min  on days 10 and 21. 

The r a t e  of  c h l o r i d e  e x c r e t i o n  i n  t h e  e x e r c i s e r s  f e l l  below t h e  pre-bed rest day 10 
va lue  of 183 
The c h l o r i d e  e x c r e t i o n  i n  c o n t r o l  s u b j e c t s  revea led  a p a t t e r n  q u i t e  s i m i l a r  t o  t h a t  f o r  
sodium e x c r e t i o n .  

Eq/min throughout bed rest and recovery,  with an average of 120 5 9 Eq/min. 

Oxygen i n t a k e  1.858 1.814 1.769 1.572 1.538 1.560 
Pulmonary v e n t i l a t i o n  42.74 43.55 40.00 36.17 33.90 34.56 
Respi ra tory  r a t e  30.0 29.0 28.5 29.5 28.5 28.0 

Respi ra tory  q u o t i e n t  0.84 0.88 0.85 0.81 0.89 0.85 I Heart r a t e  136.25 126.50 125.50 131.75 138.50 122.50 

True  oxygen percent  4.89 5.05 5.02 4.91 5.15 5.10 

--- Exerc ise  Respi ra tory  Metabolism 

Since a l l  exercise r e s p i r a t o r y  metabolism measurements were taken d u r i n g  three 
s e p a r a t e  time i n t e r v a l s  (0-10, 10-20, and 20-30 m i n ) ,  i t  i s  p r o h i b i t i v e  t o  r e p o r t  the 
mean va lues  f o r  a l l  parameters .  
were manifested i n  a l l  three sampling p e r i o d s ;  hence, only va lues  obta ined  dur ing  t h e  
f i n a l  per iod  (20-30 m i n )  a r e  presented  i n  t h i s  s e c t i o n .  
t r e n d s  observed i n  t h e  f i r s t  two measurement per iods  appear  t o  d i f f e r  from t h e  t h i r d ,  

Most o f  t h e  t r e n d s  observed i n  any p a r t i c u l a r  parameter 

However, i n  c a s e s  where t h e  

E x e r c i s e r s  Cont ro ls  

Day 10 Day 21 Day 27 Day 10 Day 21 Day 27 

TABLE 3.17. CI RCULATORY-RESPIRATORY RESPONSE TO SUB-MAXINAL S'ITPINE BICYCLE ERGOMETER EXER- 
CISE. 
true oxygen percent  .and t h e  r e s p i r a t o r y  q u o t i e n t ,  were determined from an a l i q u o t  of  t h e  
r e s p i r a t o r y  g a s  sample secured from 20-30 m i n  o f  t h e  e x e r c i s e  bout. 
determined between 28-29 m i n  o f  t h e  exercise bout and i s  expressed i n  breaths/min, w h i l e  
h e a r t  r a t e  was measured between 29-30 m i n  and i s  expressed i n  beats/min. 

Oxygen i n t a k e  and pulmonary v e n t i l a t i o n  are expressed i n  L/min, STPD and, a long w i t h  

Respi ra tory  r a t e  was 



mention o f  t h i s  f a c t  i s  made i n  t h e  body o f  t h e  t e x t .  
r e s p i r a t o r y  metabolism d a t a  f o r  t h e  per iod 20-30 m i n  f o r  both groups on days 10, 21, and 
27, Measurements were a l s o  made on the  exercisers on days 12,  15, and 19 dur ing  bed rest. 
The i n d i v i d u a l  va lues  f o r  these and a l l  o t h e r  exercise t e s t i n g  s e s s i o n s ,  a s  well a s  means 
and s t anda rd  d e v i a t i o n s  f o r  both groups,  a r e  included i n  t he  computer p r in t -ou t  reproduced 
i n  Appendix 111 of  t h i s  P a r t .  

Tab le  3.17 con ta ins  e x e r c i s e  

I t  can be observed i n  Table  3.17 t h a t  t h e  oxygen consumption du r ing  t h e  s t anda rd ized  
b i c y c l e  ergometer r i d e  was approximately 15 percent h ighe r  i n  t he  e x e r c i s e  group. Th i s  
can be a t t r i b u t e d  p r imar i ly  t o  t h e  h ighe r  workloads assigned t h e  e x e r c i s e r s  (805 kpm/min, 
a s  compared t o  744 kpm/min f o r  t h e  c o n t r o l s ) .  The e x e r c i s e  g roup ' s  mean oxygen consumption 
dropped p rogres s ive ly  throughout bed rest , but r e tu rned  t o  nea r  their  pre-bed rest v a l u e  
a f t e r  24 hours i n  the  ambulatory s t a t e  (day 21).  The c o n t r o l  group d i d  not d i f f e r  sub- 
s t a n t i a l l y  from t h e  e x e r c i s e  group i n  e i ther  magnitude of  change o r  the p a t t e r n  o f  response 
of e x e r c i s e  oxygen consumption on t h e  days they were both t e s t e d .  

Exe rc i se  pulmonary v e n t i l a t i o n  dropped du r ing  bed rest i n  t h e  e x e r c i s e r s ,  w i t h  a 
s i m i l a r  t r e n d  evidenced by t h e  c o n t r o l ' s  mean va lues  on days 10 and 21. 
r e s p i r a t o r y  r a t e  tended t o  be v a r i a b l e  and revealed no p a r t i c u l a r  p a t t e r n  f o r  t he  f i r s t  
t w o  measurement pe r iods ;  however, t h e  e x e r c i s e r s  showed a s l i g h t  dec rease  w i t h  bed rest  
i n  t h e  l a s t  10 minute per iod.  The non-exercising c o n t r o l  group had a s l i g h t l y  lower 
e x e r c i s e  r e s p i r a t o r y  r a t e  on day 21 than on day 10 (pre-bed res t )  and, a s  was t h e  c a s e  
w i t h  t h e  e x e r c i s e r s ,  demonstrated a s t i l l  lower va lue  on day 27. 

The e x e r c i s e r ' s  

T h e  pe rcen t  true oxygen tended t o  i n c r e a s e  du r ing  bed rest i n  t h e  e x e r c i s e  group, 
Observat ions i n  excess  of the pre- but was followed by a s l i g h t  drop d u r i n g  recovery.  

bed rest v a l u e  were noted i n  t h e  c o n t r o l s  on day 21, w i t h  a s l i g h t  drop i n  t h e i r  mean 
va lue  noted on day 27. T h e  e x e r c i s e  g roup ' s  RQ was h ighe r  i n  bed rest ( w i t h  a peak 
observed on day 151, whereupon a gene ra l  d e c l i n e  toward pre-bed rest l e v e l s  by t h e  end 
of recovery (day 27) was observed. T h e  c o n t r o l s  had a h ighe r  RQ on day 21 than was 
observed on day 10, but by day 27 their  RQ had again r e tu rned  t o  t h e  pre-bed r e s t  va lue .  

As bed rest progressed,  t h e  e x e r c i s e r s  demonstrated a v a r i a b l e  but c l e a r  d e c l i n e  
i n  h e a r t  r a t e  measured du r ing  both t h e  morning and af ternoon 30 m i n u t e  b i c y c l e  ergometer 
e x e r c i s e  t r a i n i n g  bouts.  Th i s  obse rva t ion  was c o n s i s t e n t  f o r  each count made du r ing  the 
l a s t  minute of t h e  three sampling pe r iods  ( i .e . ,  9-10, 19-20, 29-30 m i n ) .  Conversely,  
t h e  c o n t r o l s  had s i g n i f i c a n t l y  h ighe r  e x e r c i s e  hea r t  r a t e s  on day 21 (post-bed rest)  
t h a n  they d i d  on day 10 (pre-bed rest) .  
noted du r ing  t h e  l a s t  e x e r c i s e  bout o f  t h e  experiment (day 27).  

A sharp drop well below t h e i r  day 10 value was 
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Appendix I :  Analysis  o f  Related Parameters 

As was mentioned a t  t h e  beginning of P a r t  111, t h e  d a t a  f o r  a number of 
was presented i n  more than  one con tex t .  
were analyzed under t h e i r  r e s p e c t i v e  headings,  a s  well a s  under e l e c t r o l y t e  metabolism. 
I n  a d d i t i o n ,  it was f e l t  t h a t  numerous o t h e r  parameters 'presented under s e p a r a t e  headings 
i n  P a r t  I11 i n  o r d e r  t o  f a c i l i t a t e  o r g a n i z a t i o n ,  should a l s o  be compared t o  r evea l  inter- 
r e l a t i o n s h i p s .  
graphs and t h e  t r e n d s  they d e p i c t  preceding them, a r e  intended t o  e l u c i d a t e  these r e l a t i o n -  
sh ips .  

Urinary and Serum E l e c t r o l y t e s :  Sodium, potassium, ch lo r ide ,  and sodium potassium r a t i o s  
a r e  shown f o r  urine serum i n  F igu re  3 . 6 .  
l e f t  and t h e  o r d i n a t e s  f o r  serum volumes on t h e  r i g h t .  The c o r r e c t e d  u r i n a r y  va lue  f o r  
day 9 (see P a r t  111, E l e c t r o l y t e  Metabolism) i s  included f o r  comparison of  pre-bed rest 
and bed rest va lues  w i t h  t h e  d i e t a r y  changes taken i n t o  account ( r ep resen ted  on day 9 by 
a s o l i d  c i rc le) .  

Body F lu id  Compartments and Renal Funct ion:  
u r i n e  volume (CUV) p l o t t e d  a g a i n s t  plasma volume (PV). 
fol lowing formula : 

For example, serum and u r i n a r y  elect 

The three pages of  graphs t o g e t h e r  with t h e  b r i e f  d e s c r i p t i o n  of t h e  

The o r d i n a t e s  f o r  u r i n a r y  va lues  appear on t h e  

The t o p  graph i n  F igu re  3 . 7  shows a co r rec t ed  
The CUV was obtained by t h e  

day 9 u r i n e  volume - fTbed rest f l u i d  i n t a k e  - pre-bed rest f l u i d  i n t a k e )  - 
(bed rest sweat ou tpu t  - sweat output  pre-bed rest)/ 

Hence, t h e  bed rest volumes r e p r e s e n t  changes i n  u r i n e  production independent of  changes 
i n  water  i n t a k e  o r  sweat ou tpu t .  The second graph shows t h e  sum of t h e  u r i n a r y  e l e c t r o -  
l y t e s  (sodium, potassium, and c h l o r i d e )  p l o t t e d  a g a i n s t  osmotic ou tpu t .  The c o n t r i b u t i o n  
of e l e c t r o l y t e s  t o  t h e  t o t a l  s o l u t e  e x c r e t i o n  i s  shown i n  t h i s  graph. The co r rec t ed  
e l e c t r o l y t e  output  f o r  day 9 ( s o l i d  c i rc le )  i s  i n c l u d e d . f a r  comparison o f  t h e  two pe r iods  
w i t h  t h e  changes of  d i e t a r y  inpu t  taken i n t o  account ;  r e f e r e n c e  t o  t h e  d i f f e r e n c e  i n  
d i e t a r y  input  shows t h e  magnitude of t h e  nega t ive  e l e c t r o l y t e  balance.  
' in  F igu re  3 . 7  
e x c r e t i o n  r a t e .  
(0700-2300) were shown t o  be t h e  pe r iods  du r ing  which u r i n e  volume seemed t o  be inc reased  
du r ing  bed res t ,  
volume (BV). 

The t h i r d  graph 
shows t h e  f i l t r a t i o n  r a t e  of plasma (GFR) p l o t t e d  a g a i n s t  t h e  "day" u r i n a r y  

The "day" r a t e  (p rev ious ly  mentioned i n  Pa r t  111) and t h e  day pe r iods  

The f o u r t h  graph shows r e n a l  plasma f low (RPF) p l o t t e d  a g a i n s t  blood 

F i l t e r e d  Load and E l e c t r o l y t e  Clearances:  
t h e  three i n d i v i d u a l  e l e c t r o l y t e s  f i l t e r e d  on each day;  t h a t  is ,  t h e  f i l t e r e d  load (plasma 
concen t r a t ion  x GFR) and t h e  volume of plasma which was c l e a r e d  of these e l e c t r o l y t e s ,  
i .e., t h e  r e n a l  c l e a r a n c e  ( u r i n a r y  f low r a t e  x u r i n a r y  concentrat ion/plasma c o n c e n t r a t i o n ) .  
The o r d i n a t e s  on t h e  r i g h t  have been ad jus t ed  so t h a t  both groups have day 9 va lues  
beginning a t  t h e  same point  i n  o r d e r  t o  show d e v i a t i o n s  of  one parameter r e l a t i v e  t o  t h e  
o t h e r  du r ing  bed rest and recovery (see F igure  3 .3 ) .  

The graphs i n  F igu re  3.8 d e p i c t  t h e  amount of 

The t r e n d s  of e l e c t r o l y t e s  exemplify t h e  exchanges desc r ibed  i n  t h e  s e c t i o n  on 
e l e c t r o l y t e  metabolism. 
groups on day 11, but g e n e r a l l y  followed a downward p a t t e r n  throughout bed rest and 
recovery.  Both groups demonstrated a 
s t eady  d e c l i n e  i n  u r i n a r y  o u t p u t ,  except  f o r  day 11, when a d i s t i n c t  dec rease  i n  u r i n a r y  
output  was observed i n  both groups,  coupled wi th  an inc reased  serum potassium i n  t h e  
e x e r c i s e  group (serum o f  day 1 2  r e p r e s e n t s  t h e  blood l e v e l s  a t  t h e  end o f  t h e  24 hour pool 
o f  c o l l e c t e d  u r i n e  f o r  day 11). 
s u b j e c t s  on day 11, whereas serum and u r i n e  had o p p o s i t e  t r e n d s  i n  t h e  c o n t r o l  group on 
t h a t  day. T h e r e a f t e r ,  t h e  e x e r c i s e r s  had o p p o s i t e  t r e n d s  i n  t h e s e  two parameters ,  w i t h  
g radua l ly  r i s i n g  serum levels and g e n e r a l l y  d e c l i n i n g  u r i n a r y  e x c r e t i o n ,  whereas t h e  
c o n t r o l s  maintained cons t an t  serum l e v e l s  and decreased u r i n a r y  ou tpu t .  
r a t i o s  f o r  serum and u r i n e  showed d i s t i n c t l y  o p p o s i t e  t r e n d s  i n  t h e  exercise group on 
days 11 and 14,  whereas t h e r e  was no such p a t t e r h  f o r  t h e  remainder o f  t h e  1 2  days of 
bed rest and recovery.  
c o n t r o l  s u b j e c t s  showed a downward t r e n d  du r ing  t h e  entire experiment.  

Sodium inc reased  i n  serum and u r i n a r y  e x c r e t i o n  l e v e l s  f o r  both 

Potassium serum l e v e l s  were g e n e r a l l y  s t a b l e .  

Serum and u r i n a r y  c h l o r i d e  dropped i n  t h e  e x e r c i s e  

Sodium/potassium 

With t h e  except ion of a very high u r i n a r y  r a t i o  on day 11, t h e  
The d i e t a r y  
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sodium/potassium r a t i o  was maintained a t  2.3 f o r  both groups throughout t h e  experiment.  

Figure 3.7 shows t h e  r e l a t i o n s h i p  between the body f l u i d  compartment changes and 
r ena l  func t ion .  The  e x e r c i s e  s u b j e c t s  showed no c o n s i s t e n t  r e l a t i o n s h i p  between ur ine 
volume an1 PV dur ing  bed rest ,  a l though on days 18 and 20, when u r i n e  volume was diminished,  
PU had inc reased  on the mornings o f  days 19 and 21 ( w h i c h  end t h e  24 hour ur ine c o l l e c t i o n  
per iod f o r  days 18 and 20, r e s p e c t i v e l y ) .  
t i o n s h i p  between urine product ion and PV u p  t o  day 20, w h e n  24 hour ur ine increased and 
PV decreased.  The t o t a l  measured n l e c t r o l y t e s  exc re t ed  compared w i t h  osmotic e x c r e t i o n  
denonstrated a downward t r e n d  i n  both groups. However, on day 16,  t h e  e x e r c i s e r s  i nc reased  
exc re t ion  g r e a t l y  r e l a t i v e  t o  osmotic  ou tpu t .  On t h a t  day a l l  three of t h e  i nd iv idua l  
e l e c t r o l y t e s  i nc reased  markedly and, i n  a d d i t i o n ,  serum sodium/potassium was somewhat 
e l eva ted .  On  day 11, t h e  c o n t r o l s  showed a v a s t l y  inc reased  e l e c t r o l y t e  exc re t ion  w i t h  
no such increment i n  t o t a l  s o l u t e  e x c r e t i o n .  There was a -816 mEq t o t a l  e l e c t r o l y t e  
imbalance from b a s e l i n e  e x c r e t i o n  levels i n  t he  c o n t r o l s  a t  t h e  end of bed rest ( s e e  
Table  3.11). W i t h  t he  except ion of days 16 and 1 8 , w h e n  u r i n e  f low was inc reased ,  GFR 
and ”day” u r i n a r y  f low r a t e  had s i m i l a r  p a t t e r n s .  T h e r e a f t e r ,  both decreased s t e a d i l y .  
Af t e r  day 11, the  GFR i n  c o n t r o l s  demonstrated s i m i l a r  p a t t e r n s  i n  these two parameters ,  
i n  t h a t  compared w i t h  pre-bed rest  v a l u e s ,  both were s l i g h t l y  e l eva ted  d u r i n g  bed res t ,  
and were depressed a f t e r  bed r e s t .  
bed rest i n  t he  e x e r c i s e  group, and i n  t h e  c o n t r o l  group on day 19 and t h e  two recovery 
days.  

The  c o n t r o l  s u b j e c t s  revealed a p a r a l l e l  r e l a -  

RPF and Bil showed a c o n s i s t e n t  r e l a t i o n s h i p  du r ing  

T h e  curves  had o p p o s i t e  s l o p e s  on days 21 and 27 i n  t h e  e x e r c i s e r s .  

Sodium was inc reased  i n  t h e  r a t e  o f  f i l t r a t i o n  and c l e a r a n c e  on day 11 i n  t he  
e x e r c i s e r s ,  but t h e  c o n t r o l s  had a decreased f i l t e r e d  load w i t h  an inc reased  c l ea rance .  
T h e  two groups showed g e n e r a l l y  o p p o s i t e  s lopes  i n  t h e  two parameters du r ing  t h e  three 
remaining days o f  bed res t .  
s t r a t e d  a marked d e c r e a s e  i n  sodium c lea rance .  On day 23 both groups had an inc reased  
c l e a r a n c e  but revealed a f u r t h e r  decreased f i l t e r e d  load than t h a t  observed on day 20. 
Potassium c l e a r a n c e  showed a decrement on day 11 i n  both groups,  w h i l e  t h e  f i l t e r e d  load 
increased only i n  the  e x e r c i s e r s .  However, t h e  e x e r c i s e r s  denons t r a t ed  a decreased 
f i l t e r e d  load  and an inc reased  c l e a r a n c e  on days 14 and 16. The c o n t r o l  s u b j e c t s  on these 
two days had inc reased  va lues  f o r  both parameters.  During recovery,  t h e  e x e r c i s e r s  showed 
a decrement i n  f i l t r a t i o n  and c l e a r a n c e  of potassium, whereas t he  c o n t r o l s  showed no 
change. Except on day 23, w h e n  t h e  c h l o r i d e  c l e a r a n c e  of t h e  e x e r c i s e r s  decreased,  whereas 
t h a t  o f  sodium showed a l a r g e  i n c r e a s e ,  an i d e n t i c a l  p a t t e r n  of sodium and c h l o r i d e  f i l t r a -  
t i o n  and c l e a r a n c e  was observed throughout t h e  experiment i n  both groups. Hence, t h e  fo re -  
going g raph ic  a n a l y s i s  of e l e c t r o l y t e  r e l a t i o n s h i p s  shows t h a t  sodium and c h l o r i d e  were 
appa ren t ly  exc re t ed  according t o  a s i m i l a r  t r e n d ,  whereas potassium showed an o p p o s i t e  
response on day 11, and no apparent  r e l a t i o n  to sodium and c h l o r i d e  on t h e  remaining days.  

On day 20 both groups decreased t h e  f i l t e r e d  load and demon- 

I n  o r d e r  t o  r e p r e s e n t  t h e  combined d a t a  o f  f i l t e r e d  loads  and r e n a l  c l e a r a n c e s  
numerical ly ,  t h e  amount o f  t h e  f i l t e r e d  load w h i c h  was reabsorbed has been c a l c u l a t e d  and 
i s  shown i n  Table  3.18. 

Dsy: 1 5 9 11 14 16 18 20 23 
E x e r c i s e r s  

Sodium 99.3 98.9 99.0 99.0 99.3 99.0 98.9 99.5 99.3 
Pot a s s  ium 88.4 97.9 89.0 93.3 91.2 a8.9 90.9 91.3 93.8 
Ch lo r ide  99.1 98.4 98.6 98.7 99.0 98.7 98.8 99.0 99.0 

SDdium 99.2 99.0 99.0 98.7 99.2 99.2 99.3 99.6 99.2 
Pot a s s  ium 90.1 91.1 91.2 92.9 91.7 92,5 92.4 92.2 91.4 
Ch lo r ide  99.0 98.6 98.8 98.4 99.0 99.0 99.0 99.5 99.2 

Co n t  r o  1 s 

TABLE 3.18. PERCENT REABSORPTION OF FILTERED LOAD. T h e  percent  r eabso rp t ion  was c a l c u l a t e d  
by d i v i d i n g  t h e  anount reabsorbed ( f i l t e r e d  load-amount e x c r e t e d )  by t h e  f i l t e r e d  Load, and 
mul t ip ly ing  t h e  q u o t i e n t  by 100 (i .e.  , f r a c t i o n a l  r eabso rp t ion  o r  l-/clearance/GFR/). 

80 



U r i n a r y  Values Exercisers 
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FIGURE 3.6. URINARY AND SERUM ELECTROLYTES. See text for  explanation. 
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Exercisers 
CUV ( m l )  
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F I G U R E  3.7. BODY F L U I D  COMPARTMENTS AND RENAL FUNCTION.  See text for  explanation. 
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Exercisers Con t ro l s  

Sodium 
UV/P 

& - - - A )  

\ 
\ 
1 / 
\ /  ' / #  
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1.40 
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FIGURE 3.8 .  FILTERED LOAD AND ELECTROLYTE CLEARANCES. See text f o r  explanation. 
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Appendix 11: Computer Graphs of Each Parameter 

The fol lowing pages contain graphs of  mean values  of each parameter measured f o r  
the  e x e r c i s e  and con t ro l  groups. T h e  o r d e r  of t h e  graphs fol lows t h a t  of t h e  d a t a  
c o l l e c t i o n  o u t l i n e  given i n  Pa r t  I .  Figures  on the  l e f t  s i d e  represent t h e  da t a  p l o t s  
from the  e x e r c i s e  group, w h i l e  t h e  corresponding parameter f o r  con t ro l  s u b j e c t s  appears 
on  t h e  r i g h t .  
metabolism during bed r e s t ) ;  hence, i n  these cases ,  t h e  space oppos i t e  t h e  graph f o r  
e x e r c i s e r s  remains empty. 
imations included". T h i s  statement was programed i n t o  t h e  computer t o  recognize values  
t h a t  were not measured on t h e  day ind ica t ed .  I n  most cases  t h e  values  had been measured 
on another  day when l i t t l e  d i f f e r e n c e  was expected (e .g . ,  on day 8 ins t ead  of day 9 ) .  
I n  a d d i t i o n ,  t h e  d a t a  on  blood volume and r ena l  plasma flow f o r  sub jec t  1 was el iminated 
from Part  111, but was marked w i t h  an a s t e r i s k  and remains i n  t h e  computer print-out 
(Appendix 111) a s  well a s  i n  t h e  graphs.  
graphs and the  pages on w h i c h  they appear. 

Page 87  Daily F lu id  In t ake  

Cer t a in  parameters were measured only i n  e x e r c i s e r s  ( e .g . ,  e x e r c i s e  

Below some of t h e  graphs there i s  a no ta t ion :  "*Some approx- 

The following l i s t  g ives  the  o r d e r  of t h e  

Daily Urinary Volume 
"Day" Urinary Flow Rate 

Page 88 "Night" Urinary Flow Rate 
Daily Body Weight (0700) 
D a i l y  Body Weight (2300) 

Page 89 24 Hour Evaporative Loss 
Night Evaporative Loss (2300-0700) 
Day Evaporative Loss (0700-2300) 

Page 90 Active P e r s p i r a t i o n  During Exercise  
Day I n s e n s i b l e  Water Loss (0700-2300) 
Tot a1 

Page 91 1-131 

1-131 
Blood 

Page 92 Serum 
Serum 
Serum 

Page 93 Serum 
Serum 
Serum 

Page 94 Renal 
Renal 
Renal 

Body Water (T20) 

Blood Volume 
Hematocrit 
Plasma Volume 

Sodium Concentrat ion 
Potassium Concentrat ion 
Chloride Concentration 

Osmo 1 a1 i t  y 
Osmolali ty a t  End of Exercise  
Crea t in ine  

Plasma Fled (Rest ing)  
Plasma Flow (Exerc i se )  
Plasma Flow (Post Exercise)  

Page 95 Glomerular F i l t r a t i o n  Rate ( I n u l i n ,  Rest ing)  
Glomerular F i l t r a t i o n  Rate ( I n u l i n ,  Exercise)  
Glomerular F i l t r a t i o n  Rate ( I n u l i n ,  Post Exe rc i se )  

Page 96 Gloinerular F i l t r a t i o n  Rate (Crea t in ine ,  Resting 1 
Glomerular F i l t r a t i o n  Rate (Crea t in ine ,  Post Exercise)  
Glomerular F i l t r a t i o n  Rate (Crea t in ine ,  24 Hour) 

Page 97 Urinary Sodium Concentration (24 Hour) 
Urinary Sodium O u t p u t  (24 Hour) 
Urinary Sodium Excretion Rate (24 Hour) 
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Page 98 

Page 99 

Page 100 

Page 101 

Page 102 

Page 103 

Page 104 

Page 105 

Page 106 

Page 107 

Page 108 

Page 109 

Page 110 

Page 111 

Page 112 

Urinary Sodium Excretion Rate (Post Exercise) 
Urinary Potassium Concentration (24 Hour) 
Urinary Potassium Output (24 Hour) 

Urinary Potassium Excretion Rate (24 Hour) 
Urinary Potassium Excretion Rate (Post Exercise) 
Urinary Chloride Concentratioi (24 Hour) 

Urinary Chloride Output (24 Hour) 
Urinary Chloride Excretion Rate (24 Hour) 
Urinary Chloride Excretion Rate (Post Exercise) 

Urinary Osmolality (24 Hour) 
Urinary Osmolality (Post Exercise) 
Urinary Creatinine Concentration (24 Hour) 

Urinary Creatinine Output (24 Hour) 
Serum Sodium/Potassium Ratio 
Urinary Sodium/Potassium Ratio (24 Hour) 

Basal Ventilation 
Basal Respiration Rate 
Basal True Oxygen 

Basal Respiratory Quotient 
Basal Oxygen Consumption 
Basal Oxygen Consumption per Kilogram 

Resting Ventilation 
Resting Respiration Rate 
Resting True Oxygen 

Resting Respiratory Quotient 
Resting Oxygen Consumption 
Resting Oxygen Consumption per Kilogram 

After 10 Min Exercise: Ventilation 
After 10 Min Exercise: Respiration Rate 
After 10 Min Exercise: True Oxygen 

After 10 Min Exercise: Respiratory Quotient 
After 10 Min Exercise: Oxygen Consumption 
After 10 Min Exercise: Oxygen Consumption per Kilogram 

After 20 Min Exercise: Ventilation 
After 20 Min Exercise: Respiration Rate 
After 20 Min Exercise: True Oxygen 

After 20 Min Exercise: 
After 20 Min Exercise: 
After 20 Min Exercise: 

After 30 Min Exercise: Ventilation 
After 30 !din Exercise: Respiration Rate 
After 30 Min Exercise: True Oxygen 

After 30 Min Exercise: Respiratory Quotient 
After 30 Min Exercise: Oxygen Consumption 
After 30 Min Exercise: Oxygen Consumption per Kilogram 

Respiratory Quotient 
Oxygen Consumption 
Oxygen Consu,nption per Kilogram 
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Page 113 

Page 114 

Page 115 

Page 116 

Page 117 

Page 118 

Page 119 

Page 120 

Resting Heart Rate (0700) 
Heart Rate After  10 Min Exercise (0700) 
Heart Rate After 20 M i n  Exercise (0700) 

Heart Rate After 30 #!in Exercise (0700) 
Resting Heart Rate (1500) 
Heart Rate After 10 M i n  Exercise (1500) 

Heart Rate After 20 Min Exercise (1500) 
Heart Rate After  39 Min Exercise (1500) 
Total  Body Potassium (K40) 

Lean Body Mass (by Water Immersion) 
Lean Body Mass (by Skin Cal ipers )  
Percent Body Fat (by Water Immersion) 

Percent Body Fat (by Skin Cal ipers)  
Circumference of t h e  Calf 
Circumference of the T h i g h  

Circumference of t he  Upper A r m  Relaxed 
Circumference of t he  Upper A r m  Contracted 
Circumference o f  t h e  Chest 

Circumference of t he  Waist 
Hand G r i p  Strength 
Knee Extensor Strength 

P lan tar  Flexion Strength 
Vi ta l  Capacity 
Basal Heart Rate 
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Appendix 111: Computer P r i n t - O u t  of Bas ic  Data 

The computer pr in t -out  o f  a l l  i n d i v i d u a l  va lues  appears  on the fo l lowing  pages. 
\!cans o f  each o f  the groups '  v a l u e s  were c a l c u l a t e d  by computer and appear  t o  the  r i g h t  
o f  t h e  i n d i v i d u a l  va lues .  The e x e r c i s e  s u b j e c t s '  d a t a  ( i n d i v i d u a l s  1, 3, 5 ,  and 7) 
appear  on t h e  l e f t ,  and t h e  c o n t r o l  s u b j e c t s '  d a t a  ( i n d i v i d u a l s  2 ,  4, 6 ,  and 8 )  appear  
on t h e  r i g h t .  
Appendix 11. The e x t e r n a l  c o n t r o l s '  d a t a  ( i n d i v i d u a l s  10 and 1 2 )  appear  a f t e r  t h e  l a s t  
parameter o f  t h e  e x e r c i s e  and c o n t r o l  groups .  The d a t a  f o r  e x t e r n a l  c o n t r o l s  were not 
d i s c u s s e d ,  f o r  r easons  s t a t e d  i n  P a r t  111. 

The o r d e r  o f  each parameter  i s  t h e  same a s  t h e  o r d e r  o f  t h e  g raphs  i n  
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AVERAGES FOR FLUID INTAKE ILITERSI 

INOIVIOUAL 2 4 6 8 UEAN STO OEV INOlVlOUAL 

OAVS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21  
22 
23  
24 
25 
26 

AVERAGES FOR FLUID INTAKE ILITERSI 

1 3 5 7 UEAN STO OEM 

1998.00 1758.00 
2095.00 2364.00 
2325.00 2560.00 
2178.00 2038.00 
2815.00 2144.00 
2825.00 1780.00 
2528.00 1898.00 
2625.00 1886.00 
2123.00 2180.00 
3926.00 3288-00 
2473.00 2508.00 
4227.00 4045.00 
2685-00 2580.00 
2773.00 2568.00 
3995.00 4105.00 
2800.00 2298.00 
2773.00 2470.00 
2912.00 2681.00 
4579+00 4184.00 
3130.00 3300.00 
4137.00 4090.00 
1870.00 3070.00 
1250.00 2645-00 
4165.00 1585.00 
3575.00 1895.00 
2400.00 2530.00 

1567.00 1561.00 
1900.00 2410.00 
1920.00 2963-00 
1890.00 2837.00 
2482.00 2900.00 
2303.00 2680.00 
2427.00 2850.00 
2802.00 2 9 0 0 ~ 0 0  
2427.00 3080JJO 
4052.00 4380.00 
2538.00 3040.00 
3554.00 3490.00 
2390.00 2570.00 
2540.00 3100.00 
3640.00 3515.00 
2628.00 2850.00 
2538.00 2820.00 
2354.00 2850.00 
3748.00 3580.00 
2675.00 3985.00 

-..... 
1745.00 2820;OO 

1122.100 204.549 
2192.250 239.291 
2442.000 436.418 
2385.750 W1.320 
2600.250 3S9.391 
2397.000 kbL.kl5 
2425.150 395.315 
2553.250 459.160 
2552.500 438.647 
3911.500 451.601 
2639.750 268.152 
3829.000 363.137 
2556.250 122.432 
2745.250 258.304 
3813.150 281.140 
2644.000 249.495 
2650.250 172.214 
2699.250 250.013 
4022.750 449.189 
3272.500 543.361 
4599.250 997.516 
2257,500 548.156 
2268.750 801.378 
2522.500 1187.466 
2868.750 904.759 
2373.150 454.k48 

DAYS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

2622.00 
2183.00 
2407.00 
3432.00 
3403.00 
2627.00 
2310.00 
2433.00 
2497.00 
4650.00 
2116.00 
3356.00 
2142.00 
2116.00 
3512.00 
2142.00 
2116-00 
2252.00 
3684.00 
2605.00 
3497.00 
4129.00 
3200.00 
3040.00 
3800.00 
3660.00 

1842.00 
1903.00 
2127.00 
2122.00 
2183.00 
1841.00 
2372.00 
2043.00 
2197.00 
3467.00 
2116.00 
3322.00 
2142.00 
2116.00 
3628.00 
2142.00 
2116.00 
1832.00 
3917.00 
2055.00 
3470.00 
2625.00 
2190.00 
1905.00 
2125.00 
1840.00 

1500.00 
1780.00 
1886.00 
1520.00 
2100.00 
2126.00 
1560.00 
2030.00 
1540.00 
3390.00 
1960.00 
3489.00 
1980.00 
1960.00 
3394.00 
2260.00 
2223.00 
1937.00 
3154.00 
2990.00 
3950.00 
2915.00 
3020.00 
2485.00 
2100.00 
2575.00 

1765.00 
2680.00 
2655.00 
2385.00 
2418.00 
2515.00 
2385.00 
2418.00 
2915.00 
4257JJ0 
2411.00 
4158.00 
2283.00 
2391.00 
4165.00 
2000.00 
2331.00 
2316.00 
3883.00 
2930.00 
4785.00 
3185.00 
1955.00 
2006.00 
3035.00 
3700.00 

1932.250 
2136.500 
2268.750 
2364.750 
2526.000 
2218.750 
2171.150 
2231.000 
2287.250 
3941.000 
2150.750 
3581.250 
2136.750 
2145.750 
3679.750 
2136.000 
2196.500 
2084.250 
3659.500 
2645.000 
3925.500 
3213.500 
2591.250 
2359.000 
2765.000 
2943.710 

482.602 
399.654 
334.112 
798.324 
599.977 
359.088 
407.888 
224.735 
578-675 
613.953 
188.442 
391.194 
123.848 
179.277 
339.739 
106.370 
102.880 
236.051 
352.320 
428.155 
613.849 
651.764 
b11.070 
519.731 
815.669 
901.696 

798.324 
599.977 
359.088 
407.888 
224.735 
578-675 
613.953 
188.442 
391.194 
123.848 
179.277 
339.739 
106.370 
102.880 
236.051 
352.320 
428.155 
613.849 
651.764 
b11.070 
519.731 
815.669 
901.696 

AVERPiGES FOR URINE VOLUME (LITERS) AVERAGES FOR URINE VOLUNE ILITERSI 

INDIVIDUAL 1 3 5 7 MEAN STO OEV INOlVfOUAL 2 4 6 8 UEAN STO OEV 

OAVS OAVS 
885.750 222.407 1 1215.00 820.00 933.00 1328.00 1074.000 237.202 1 569.00 1090.00 939.00 945.00 

2 1440.00 960.00 1270.00 1085.00 1188.750 210.411 2 780.00 1100.00 871.00 1085.00 959.000 158.684 
3 1510.00 1070.00 1220.00 1140.00 1235.000 193.305 3 955.00 1350.00 950.00 1110.00 1091.250 187.811 
4 1120.00 1200.00 1098.00 1307.00 1181.250 94.599 4 720.00 1110.00 1034.00 1231.00 1038.750 227.897 
5 1210.00 1470.00 1076.00 1300.00 1264.000 165.320 5 760.00 1500.00 800.00 965.00 1006.250 340.915 
6 1665.00 1180.00 1118.00 1120.00 1270.150 264.403 6 1040.00 1450.00 887.00 1210.00 1146.750 241.403 
7 1625.00 950.00 1350.00 1310.00 1308.750 271.139 7 1110.00 1250.00 760.00 1020.00 1035.000 206.317 
8 1445.00 1095.00 1209.00 900-00 1162.250 227.619 8 1030.00 1310.00 931.00 1015.00 1079-000 162.093 
9 1460.00 1192.00 1387.00 1060.00 1274.750 182.467 9 1202.00 1378.00 825.00 1101.00 1126.500 231.304 

10 1900.00 1803.00 1825.00 1952.00 1870.000 68.649 10 2644.00 2334.00 1172.00 1532.00 1920.500 684.500 
11 1410.00 1305.00 1204.00 1740.00 1414.750 232.573 11 1258.00 1338.00 1387.00 1339.00 1330.500 53.470 
12 1834.00 2351.00 2116.00 1700.00 2000.250 291.097 12 2018.00 2984.00 1941.00 2240.00 2295.750 416.021 
13 1572.00 1271.00 1265.00 1240.00 1337.000 157.241 13  1078.00 1352.00 1350.00 1275.00 1263.750 128.914 
‘14 1380.00 1077.00 1160.00 1325.00 1235.500 141.083 14 947.00 1295.00 1308.00 1457.00 1251.750 216.051 
15 2222.00 2107.00 2200.00 1791.00 2080.000 199.009 15 1891.00 2433.00 1232.00 2417.00 2008.250 582.080 
16 1596.00 1301.00 1715.00 1600.00 1553.000 176.829 16 1189.00 1313.00 1166.00 1072.00 1185.000 99.214 
17 1380.00 1374.00 1251.00 1160.00 1291.250 105.784 17 1034.00 1222.00 1597.00 1227.00 1270.000 235.781 
18 1249.00 1361.00 1371.00 1180.00 1291.750 93.557 18 1066.00 1583.00 1292.00 1164.00 1276.250 224.461 
1 9  2522.00 2286.00 2871.00 2150.00 2457.250 315.759 19 2516.00 2360.00 2949.00 2329.00 2538.500 285.639 
20 1176.00 1015.00 878.00 1038.00 1026.500 122.053 20 13k0.00 880.00 1105.00 946.00 1067.750 204.598 
21 2450.00 1650.00 2533.00 3520.00 2538.250 166.080 21 1880.00 2417.00 1520.00 2916.00 2183.250 611.943 
22 950.00 967.00 8‘18.00 1135-00 975.000’ 118.909 22 1395.00 1150.00 1393.00 582.00 1130.000 383.013 
23  695.00 790.00 825.00 1430.00 935.000 334.539 23 935.00 1300.00 1280.00 835.00 1087.500 231.504 
24 1130.00 795.00 830.00 880.00 908.750 151.568 24 900.00 1300.00 1122.00 940.00 1065.500 183.178 
25 1635.00 840.00 1615.00 780-00 1217.500 471.248 25 585.00 1720.00 1038.00 904.00 1061.750 478.202 
26 1110.00 613.00 2191.00 650.00 1141.000 735.601 26 600.00 1380.00 1235.00 897.00 1028.000 349.809 

INDIVIDUAL 

OAVS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
2b 

AVERAGES FOR DAY URINE FLOW ULlMN AVERAGES FOR OAV URINE FLOW ULfllN 

1 3 5 7 2 4 6 8 MEAN STO OEV MEAN STD OEV lNOIVIOUAL 

0.83 
1.15 
1.22 
0.79 
1.06 
1.26 
1.14 
1-29 
1.10 

-0.00 
0.89 
1.60 
1.38 
1.11 
2.27 
1.43 
1.11 
0.94 
2.26 
0.74 
0.91 
0.76 
0.48 
0.63 
1.12 
0.70 

0.54 
0.75 
0.81 
0.81 
1.25 
1.19 
0.10 
1.08 
0.92 
1.52 
0.91 
2.35 
1.18 
0.79 
1.90 
1.17 
1.11 
1.09 
2.14 
0.86 
1.35 
0.75 
0.55 
0.60 
0.73 
0.46 

0.64 
0.91 
0.82 
0.81 
0.77 
0.86 
1.14 
0.18 
1.08 
1-44 
0.92 
1.72 
1.05 
0.90 
1.80 
1.50 
1.01 
1.11 
2.70 
0.57 
2.45 
0.67 
0.44 
0.43 
0.90 
1.69 

1.30 
0.94 
1.06 
1-09 
0-89 
0.95 
1-15 
0.54 
0.82 
1.84 
1.11 
1-46 
1.10 
1-09 
1.55 
1.50 
0-95 
0-93 
2.40 
0.70 
3-31 
0.64 
1.30 
0.33 

-0.00 
0.41 

0.827 
0.938 
0.977 
0.875 
0.992 
1.065 
1.032 
0.922 
0.980 
1.600 
1.115 
1.782 
1.171 
0.972 
1.1180 
1.400 
1.060 
1.011 
2.375 
0.717 
2.005 
0.705 
0.692 
0.497 
0.917 
0.830 

0.331 
0.164 
0.199 
0.144 
0.209 
0.191 
0.222 
0.330 
0.134 
0.212 
0.391 
0.393 
0.145 
0.1% 
0.299 
0.157 
0.076 
0.096 
0.241 
0.120 
1.085 
0.059 
0.408 
0.142 
0.196 
0.584 

DAYS 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3’ 
1 4  
I5  
16 
11  
16  
19 
20 
21 
22 
23  

25 
26  

a4 

0.39 
0.64 
0.75 
0.53 
0.55 
0.81 
0.83 
0.66 
1.07 
2.24 
1.08 
2.16 
1.02 
0.67 
0.96 
1.04 
0.17 
0.73 
2.72 
0.76 
1.66 
0.56 
0.58 
0.64 
0.96 
0.14 

0.69 
0.87 
1.11 
0.70 
1.29 
1.19 
0.93 
0.97 
1.24 
2.06 
1.24 
2-91 
1.12 
0.95 
2.38 
1-06 
0.87 
1.37 
2.14 

-0.00 
1.38 
0.95 
0.95 

-0.00 
1.45 
1.07 

0.83 
0.71 
0.84 
0.86 
0.55 
0.15 
0.60 
0.61 
0.62 
1.03 
1.22 
1-80 
1.02 
1.10 
1.05 
0.95 
1.38 
1-04 
2.54 
0.117 
1.33 
0.96 
1.14 
0.81 
0.71 
0.96 

0.81 
0.14 
0.90 
0.91 
0.69 
1.00 
0.80 
0.65 
0.80 
1.26 
1.13 
2.04 
1.12 
1.23 
2-21 
0.84 
0.93 
0.85 
2.12 
0.82 
2.85 
0.33 
0.76 
0.63 
0.75 
0.79 

123 

0.680 
0.740 
0.900 
Q.765 
0.770 
0.938 
0.790 
0.737 
0.932 
1.647 
1.167 
2.227 
1.070 
0.987 
1.657 
0.972 
0.981 
0.991 
2.380 
0.617 
1.1105 

0.857 
0.693 
0.967 
0.140 

a.705 

0.203 
0.096 
0.153 
0.192 
0.353 
0.199 
0.138 
0.155 
0.276 
0.592 
0.075 
0.479 
0.058 
0.241 
0.756 
0.100 
0.270 
0.279 
0.298 
0.055 
0.712 
0.315 
0.241 
0.101 
0.340 
0.416 



AVERAGES FOR NIGHT U R I N E  FLO I N L I N N I  AVERAGES FOR NIGHT URINE FLO I M L I M H I  

1NOIVIOUAL 1 3 5 1 MEAN STO OEV INOlVlOUAL 2 4 4 8 MEAN STO OEV 

DAYS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 22 

23 
24 
25 
26 

0.87 
0.78 
0.10 
0.16 
0.54 
0.94 
1.10 
0.89 
0.94 
0.96 
1.12 
0.76 
0.62 
0.71 
0.61 
0.64 
0.68 
0.72 
0.71 
1-01 
1.19 
0.48 
0.48 
1.12 
1.16 
0.93 

0-59 
0.49 
0.62 
0.88 
0.55 
OW5 
0.58 
0.43 
0.65 
0.89 
0.85 
0.53 
0.41 
0.66 
0.14 
0.45 
0.69 
0.51 
0.51 
0.41 
0.71 
0.56 
0.54 
0.46 
0.30 
0.35 

0.84 
0 d 5  
0-90 
0.69 
0.12 
0.31 
0.64 
0.94 
0.99 
0.14 
0.70 
1.01 
0.61 
0.64 
1.07 
0.69 
0.52 
0.95 
0.13 
0.80 
0-51 
0.46 
0.85 
0.90 
1.58 
1.23 

0.72 
0.66 
0.46 
0.61 
0.92 
0.49 
0.56 
0.15 
0.58 
3.51 
0.48 
0.98 
0.48 
0.63 
0.68 
0.41 
0.53 
0.66 
0.54 
0.76 
0.69 
1.01 
0.67 
1.33 

-0.00 
0.43 

0.155 
0.695 
0.670 
0.135 
0.682 
0.562 
0.120 
0.152 
0.190 
0.790 
0.717 
0.820 
0.530 
0.675 
0.625 
0.547 
0.605 
0.710 
0.612 
0.745 
0.775 
0.642 
0.635 
0.952 
1.013 
0.135 

0.128 
0.158 
0.183 
0.114 
0.119 
0.251 
0.256 
0-230 
0-205 
0.113 
0.269 
0.223 
0.102 
0.065 
0.381 
0.138 
0.093 
0.183 
0.128 
0.249 
0.291 
0.288 
0.164 
0.312 
0.652 
0.418 

DAYS 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.41 
0.45 
0.51 
0.45 
0.49 
9-56 
0.68 
0.82 
0.61 
1.00 
0.44 
0.68 
0.42 
0.65 
0-84 
0.59 
0.63 
0.71 
0.85 
1-24 
0.55 
1.81 
0.81 
0.59 
0.60 
0.81 

0.¶5 
0.56 
0.61 
1.03 
0.56 
0.66 
0.13 
0.82 
0.50 
0.83 
0.63 
0.59 
0.10 
0.83 
0.80 
0.66 
0.82 
0.61 
0.60 
-0.00 
0.68 
0.56 
0.81 
-0.00 
0.12 
0.82 

0.36 
0.36 
0.39 
0.49 
0.51 
0.41 
0.42 
0.62 
0.44 
0.56 
0.40 
0.47 
0.49 
0.66 
0.56 
0.60 
0.63 
0.55 
1.14 
0.60 
0.43 
0.96 
0.46 
0.72 
0.16 
0.13 

0.45 
0.76 
0.48 
0.10 
0.63 
0.52 
0.52 
0.83 
0.71 
0.74 
0.71 
0.62 
0.50 
0.62 
0.73 
0.54 
0.70 
0.14 
0.62 
0.kl 
0.34 
0.54 
0.21 
0.33 
0.38 
0.31 

0.442 
0.532 
0.497 
0.667 
0.565 
0.537 
0.581 
0.712 
0.580 
0.182 
0.560 
0.590 
0.527 
0.685 
0.132 
0.591 
0.695 
0.652 
0.802 
0.150 
0.500 
0.967 
0.581 
0.547 
0.615 
0.682 

0.081 
0.112 
0.091 
0.265 
0.058 
0.103 
0.143 
0.102 
0.130 
0.183 
0.112 
0.088 
0.120 
0.097 
0.124 
0.049 
0.090 
0.088 
0-252 
0.435 
0.148 
0.594 
0.268 
0.199 
0.171 
0.212 

AVERAGES FOR A.M. 8OOY UT. l K 6 1  AVERAGES FOR A.U. BOOY UT. l K G l  

1 3 5 7 2 4 6 8 WEAN STO DEW MEAN $70 DEV INOIVIOUAL XNDIVIOUAL 

1 
DAYS 

2 
3 
4 
5 
6 
7 
8 
9 

DAYS 
1 70.040 8.102 10.305 8.151 70.30 69.57 60.23 80.06 81.90 63.09 66.89 69.38 

60.91 69.20 59.49 19.29 
68.66 69.00 59.69 78.90 69.062 7.848 80.19 62.02 66.49 67.34 69.160 8.0W 
68.91 69-41 59.59 18.94 69.212 1.902 80.76 63.02 65.53 67.11 69.105 1.950 

69.055 8.011 68.62 69.80 58.65 78.67 80.75 63.14 64.14 67.59 
80-65 63.01 65.21 67.89 69.205 7.881 6 69.001 8.288 48.19 69.98 58.82 19.04 

68.69 69.06 99.06 19.01 
69.31 69.87 59.24 79.28 
69.35 69.75 59.59 79.53 69.555 8.152 81-70 62.88 66.98 67.40 69.740 8.230 

10 69.30 68.88 59.91 19.95 69.510 8.197 10 80.99 63.01 67.22 67.71 69.732 1.196 
11 68.83 69.30 59.15 19.91 69.291 8.482 11 81-25 62-78 66.71 67.92 69.665 8.029 

69-262 8.414 12 60.83 69.75 58.94 19.53 12 80.69 61.77 66.10 61.70 69.065 8.145 
69.857 8.378 13 68.43 69.41 59.04 80.08 69.240 8.607 13 81.85 62-30 61.03 68.17 

14 68.13 69.31 58.34 19.96 68.950 8.844 14 80.09 62.28 66.99 61.62 69-245 1.613 
15 68.52 69.56 57.87 79.90 68.937 9.002 15 80.84 62.71 61.19 67.86 69.650 1.002 

68.99 69.56 58.71 80.12 69.360 8.120 16 16 80.65 63.14 67.63 60.36 69.945 1.501 
17 68.55 69.47 58.98 80.01 69-252 8.598 17 80.17 62.81 67.32 67.72 69.505 1.450 
18 60.03 69.44 58.50 80.13 69.225 8.835 18 80.11 62.08 67.35 67.85 69.547 1.388 
19 68-87 68.63 58.67 80.05 69.055 8.136 19 00.33 62.75 67.76 68.31 69.787 7.460 
20 68.88 69.29 58.12 79.85 69.035 8.873 20 00.34 62.26 61.29 67.93 69.455 7.687 
21 68.65 70.09 58.39 79.55 69.110 0.662 21 01.54 63.48 67.97 68.33 10.330 1.192 
22 69.51 69.64 58.49 19.43 69.261 8.556 22 81.26 63.92 68.51 68.05 10.435 7.506 

69.12 70.13 58-18 81.00 69. PO7 9.013 70.555 7.281 23 23 81-00 64.04 68.10 68-48 

69.63 70.16 58.41 80.57 69.692 9.052 24 24 80.52 63-86 68.01 68.07 10.115 1.211 
69.32 70.32 58.62 80.90 69.190 9.105 25 25 81.52 63.66 69.02 67.05 10.313 7.793 

26 68.77 69.06 48.84 80.53 69.500 8.869 26 01.41 63.79 68.93 67.76 10.488 1.645 

81.56 63.00 66.44 67.82 69.105 8r159 2 69.222 8.006 

81-04 62.89 65.09 61.22 69.060 8.180 1 68.970 8.171 
81.11 63-19 65.70 66.99 69.241 8.064 8 69.440 8.186 

3 
4 
I 68.935 8.193 

9 

AVERAGES FOR P.M. BODY UT. I K G )  AVERAGES FOR P.M. 8OOY UT. I K G I  

1 3 5 1 2 OE" INOIVIDUAL 4 6 8 MEAN STO OEV INOlVlOUAL 

OAYS 
4 
9 
10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
22 
26 

81.38 
81.85 
82.20 
81.16 
81.l5 
80.84 
01-59 
81.31 
00.83 
80.14 
81.24 
81.69 
82.09 
81.70 
82.00 

64.12 
63.29 
63.78 
63.69 
62.65 
62.63 
63.22 
64.10 
63.30 
63.15 
63.10 
63.30 
64.02 
64.80 
63.43 

64.89 
67.87 
67.46 
67.48 
68.10 
67.67 
67.89 
68.64 
68.01 
68.03 
68.55 
68.03 
68.81 
69.36 
69-11 

68.39 
68.30 
68.66 
68.43 
69.03 
68.57 
68.10 
69.06 
68.33 
bI.52 
69.20 
66-45 
69.23 
69-52 
68.65 

69.695 
70.252 
70.525 
70.190 
70.382 
69.927 
10.350 
70.777 
70.132 
70.260 
10.522 
10.361 
11.031 
11.345 
10.197 

8.009 
1.866 
8.055 
1.595 
8.084 
7.730 
7.813 
1.312 
1.491 
1.308 
1.651 
7.901 
7.138 
1.242 
7.900 

DAYS 
4 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
26 

69.04 
10.38 
69.60 
10.29 
69.19 
68.58 
69.51 
69.93 
69.33 
69-50 
69.67 
69.62 
69.79 
70.87 
10.60 

70.76 
70.34 
70.25 
70.04 
10.15 
70.03 
70.21 
70.49 
70.41 
70.61 
69.63 
69.91 
70.33 
70.70 
69-85 

59.18 
-0.00 
59.74 
59-36 
59.86 
59.91 
58.40 
59.45 
59.10 
59.04 
59.17 
58.96 
50.91 
59.65 
59.64 

19.43 
80.83 
80.68 
80.47 
80.86 
80.11 
80.69 
80.90 
80.11 
80.71 
81.03 
80.43 
80.11 
81.80 
80.35 

69.602 
13.050 
70.068 
70.040 
70.015 
69.801 
69.711 
70.192 
70.031 
69.980 
69.875 
69.745 
69.815 
10.155 
10.110 

8.304 
6-045 
8.554 
8.620 
8.591 
8.532 
9.101 
8.760 
8.591 
8.883 
8-92? 
8.766 
8.662 
9.043 
8.461 

AVERAGES FOR 24 HR. EVAP LOSS I M L S l  AVERAGES FOR 24 HR. EVAP LOSS I M L S I  

1NOlVlOUAL 1 3 5 7 WEAN SlO OEV lNOIVIOUAL 2 4 6 8 MEAN STO OEV 

OAVS 
1 
2 

4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
2. 

1123.00 1028.00 1040.00 1800.00 
1425.00 2140.00 580.00 1805.00 
850.00 130.00 1660.00 2050.00 
1670.00 718.00 1580.00 1040-00 
1765.00 714.00 940.00 k3.310-00 
770.00 780.00 1310.00 2230-00 
830.00 948.00 470.00 1770.00 
590.00 800.00 363.00 1590.00 
1120.00 980.00 1990.00 1710-00 

-0.00 1485.00 1660.00 2160-00 
1620.00 1720.00 1130.00 1520.00 
1490.00 1080.00 1140.00 1320.00 
1440.00 1220.00 1090.00 1880.00 
1440.00 1300.00 1180.00 1540.00 
1590.00 1568.00 1000.00 1220.00 
1680.00 1140.00 1220.00 1890-00 
1+50.00 1024.00 1180.00 1430.00 
1340.00 1430.00 570.00 1210.00 
2050.00 1858.00 1350.00 1810.00 
754.00 1570.00 1070.00 2550-00 
1961.00 1990.00 1002.00 2850.00 
1180.00 1980.00 996.00 500.00 
1220.00 2030.00 2975.00 1050.00 
2035.00 990.00 780.00 2400.00 
1990.00 925&0 780.00 1100~00 
1630.00 28W.W 480.00 2060-00 

1241.150 370.582 
1481.500 671.820 
1322.500 637.044 
1252.000 451.814 
1182.250 459.660 
1272.500 686.361 
1004.500 549-340 
835.150 533.559 
1600.000 433.205 
1168.333 350.291 
1497.500 258.247 
1251.500 1851540 
1401.500 346.542 
1365.000 151.197 
1344.900 285.425 
1482.500 361.144 
1211.000 205.436 

1182.000 301.091 
1486.000 784.863 
1952.250 115-110 
1164.000 615-151 
1818.lSO 881-4W 

1348.150 ua.1u 
1142-SOE WO-511 

ii3i.500 3aa.w 

1551.250 1ma.m 

DAYS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
2* 
25 
26 

3443.00 1122.00 i300.00 i59a.00 
1860.00 1003.00 110.00 1985.00 
1462.00 367.00 1040.00 1500.00 
3000.00 362.00 1430.00 1420.00 
3070.00 680.00 1130.00 1020.00 
1090.00 1130.00 1480.00 1810.00 
580.00 840.00 620.00 1490.00 
1200.00 730.00 750.00 1350.00 
1245.00 360.00 1900.00 1620.00 
1350.00 110.00 1480.00 1650.00 
8600.00 8000.00 440.00 1450.00 
15800.00 680.00 1420.00 1480.00 
1360.00 830.00 1290.00 1130.00 
180.00 730.00 1120.00 990.00 
910.00 1120.00 1260.00 1410.00 

1160.00 140.00 490.00 1040.00 
800.00 160.00 1120.00 900.00 

1330.00 620.00 800.00 1310.00 
2130.00 315.00 1680.00 2280.00 

760.00 1500.00 2260.00 1990.00 
2940.00 bW.00 1230.00 1030.00 
2%LW 1 l 4 L O O  2110.00 1550ioO 
2a.w 5As.w 1150.00 1100.00 
3770.00 850.00 M h o 0  2200.00 
2010.00 1260.00 1350.00 3620.00 

8zo.00 ioo.oo +T~.OO ioio.ao 

1863.150 1070.355 
1389.500 629.045 
1092.250 526.527 
1553.000 1081-061 
1475-000 1080.457 
1311-500 337.380 

1007.500 315.000 
1281.250 670.229 
1297.500 410.477 
4622-500 4273.409 
4855.000 1312.389 
1152.500 235.561 
905.000 182.300 
1190~000 235.655 
851.500 302.035 
915.000 166.833 
166.250 241.904 
1015.000 359.861 
1616.250 865.885 
1627.500 658.350 
1412-500 1003.401 
1795.000 542.125 
1206.250 839-bVb 
1915.000 13Vl-893 
2010.000 1092.001 

e82.500 420.823 



AVERAGES FOR 

1 3 

22.70 32.60 

NIGHT EVAP. 

5 

AVERAGES F M  NIGHT EVAP. 

2 4 6 

22.50 45.00 29.20 
41-80 20.00 24.60 
36.40 5.90 40.00 
55.50 43.40 23.70 
28.90 14.80 57.20 
20.00 34.60 36.60 
30.00 38.00 14.00 
34-40 52.00 45.50 
45.50 36.80 41.00 
18.90 91.50 24.70 
35.40 5.30 30.40 
42.20 15.60 30.60 
51.50 30.00 34.10 
33-00 34.00 34.80 
42-20 43.50 62.60 

LOSS IGMi 

8 

35.70 
55.10 
41.10 
5T.00 
59.50 
50.50 
58.10 
52.00 
49.50 
40.00 
61-80 

INOIYIOUAL 

DAYS 
4 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
22 
26 

MEAW 

35.650 

STO DEV 

10.113 

INDIVIDUAL MEAN 

33.100 
36.875 
30.850 
44.900 

STD DEV 

9.591 
17.194 
16.754 

OAYS 
4 
9 

10 
11 
12 
13  
1 4  
15 
16 
17 
18 
19 
20 
22 
26 

42.00 
39.00 
44.60 
50.30 
60.50 
44.50 
38.00 
47.70 
42.20 
45.60 
49.60 
42.50 
65.50 
42.10 
52.00 

45.30 
28.90 
45.60 
43.70 
65.50 
81.00 
55.00 
4SnO0 
47.00 
53.00 
57.00 
36.40 
51.70 
35.60 
10.00 

72.50 36.90 
64.80 65.50 
28.40 56.90 

44.325 
55.125 
44.825 
43.325 
52.025 
42.900 
37.425 
35.625 
41.150 
50.*00 
47.915 
46.475 
36.000 
52.125 

19.281 
11.587 
12.204 
23.392 
20.178 

8.110 
10.380 
11.479 

9.932 
19.870 
12.534 
16.560 
5.220 

12.618 

15.389 
21.865 
12.480 
18.336 
8-303 
5.501 

33.038 
25.684 
13.036 
9.985 

12.255 
9.425 

40.100 
35.425 
35.025 
45.975 
43.200 
43.775 
34.725 
33.050 
40.325 
40.050 
48.750 

43.80 
45.70 
58.40 
46.70 

42.70 26.00 
29.40 36.90 
42.70 43.80 

AVERAGES FOR DAY EVAP. LOSS IGMIHRI AVERAGES FOR DAY EVAP. LOSS (GHIHRI 

INOlVIOUAL 1 3 5 7 MEAN STO DEV INDIVIDUAL 2 4 6 8 MEAN STD OEV 

86.000 68.594 
DAYS 

4 
v 

99.00 
71.50 
85.00 
68.00 
60.00 
75.00 

28.20 
45.00 
59.00 
90.00 
90.00 
53.00 

40.00 
40.00 
82.50 
40.00 
40.60 

1.00 

42.00 
96.50 
15.50 
80.00 
18.70 
94.00 

52.300 
63.250 
60.500 
69.500 
52.325 
55.750 

31.723 
26.123 
32.205 
21.626 
30.257 
40.161 

OAYS 
4 
9 

10 
20 
22 
26 

176.00 
75.00 
67.10 

104.00 
171.50 
111.00 

9.00 
11.20 
12.50 

8.50 
8.50 

58.00 

78.50 
35.80 
73.50 
89.60 
62.00 
52.20 

80.50 
75.00 
85.40 
26.00 
34.10 
13.00 

49.250 31.384 
59.625 32.319 
57.025 46.851 
69.025 71.725 
58.550 50.276 

10 
20 
22 
26 

AVERAGES FOR ACT PERSP IGMIHRl 

1 3 5 7 MEAN STD OEV INDIVIDUAL 

DAYS 
11 
12 
13 
14 
15 
16 
17 
18 
19 

820.00 
820.00 
820.00 
740.00 

1160.00 
800.00 
820.00 
620.00 
780.00 

820.00 
890.00 
490.00 
730.00 
710.00 
590.00 
640.00 
650.00 
670.00 

570.00 
635.00 
340.00 
440.00 
630.00 
490.00 
520.00 
390.00 
590.00 

710.00 
900.00 
570.00 
635.00 
180.00 
600.00 
650.00 
612.00 
796.00 

730.000 118.603 

AVERAGES FOR DAY IWL (GMIHRI AVERAGES FOR OAY IWL (GMIHR) 

1 3 5 7 MEAN STO DEV INDIVIOUAL 2 4 6 8 MEAN STD DEV INOlVIDUAL 

OAYS 17.60 -0.00 15.60 62.90 32.033 26.750 
58.450 15.285 

11 24.450 10.715 

55.250 19.372 
12 34.600 0.000 

40.500 20.001 
13 26.300 10.942 

51.825 12.037 
14 22.350 3-803 

15 50.00 27-20 7.50 40-00 31.175 18.335 
18.833 19.080 

16 42.00 1.90 58.60 40.30 35.700 23.998 
36.075 16.089 

19.825 15.322 
17 17.200 7.200 

47.400 16.501 
18 11.600 16.868 

42.950 11.552 19 

13.50 37.20 60.20 62.90 
78.10 34.60 63.50 44.80 
34.00 25.60 70.00 32.40 
40.00 43.90 57.40 66.00 

36.60 24.80 10.50 25.90 
34.60 -0.00 -0.00 -0.00 
13.60 28.00 23.60 40.00 
23.20 17.00 26.00 23.20 
10.90 40.60 -0.00 5.00 
39.40 24.00 23-40 57-50 
21.90 7-10 17.00 22-80 

9.40 37.00 -0.00 6-40 
46.50 50.50 25.80 49-00 

DAYS 
11 
12 
13 
14 
15 
16 
17 
18 
19 

33.60 0.70 14.30 30.70 
63.20 31.60 34.80 60.00 

AVERAGES FOR TZO BODY WATER (LITERS1 AVERAGES FOR 120 BODY YATER I L I T E R S J  

1 3 5 7 2 4 6 8 MEAN STO DEV MEAN STO OEV INOIYlOUAL INDIVIDUAL 

OAYS 
52.090 8.646 10 53.07 46.52 46.65 62.79 52.257 7.658 

60.44 46.91 47-47 53.21 52.007 6.301 19 47.73 48-10 45.94 55.71 49.520 4.282 
62.61 42.82 k7-80 55.13 

DAYS 
10 
19 

AVERAGES FOR I131 EL0 VOLUME (LITERS1 AVERAGES FOR 1131 BLD VOLUME (LITERS1 

INDIVIDUAL 1 3 5 7 MEAN STD OEV 1NDlVlDUAL 2 4 6 8 MEAN STO DEV 

OAYS 
10 
12 
15 
19 
21 
27 

6.00 
6.50 
6.00 
5.97 
6.58 
6.00 

4.80 
4.70 
4.68 
5.13 
5.00 
5.00 

5.55 
5.38 
4.85 
5.40 
5.35 
5.50 

6.05 
6-00 
5.90 
6.22 
6.23 
6.15 

5.600 
5.645 
5.357 
5.680 
5.790 
5.662 

0.579 
0.779 
0.689 
0.502 
0.738 
0.522 

OAYS 
10 
12 
15 
19 
21 
27 

5.40 
5.35 
5.00 
4.70 
5.38 
5.35 

6.00 
5.80 
5.75 
5.92 
5.40 
5.50 

4.90 
4.35 
5-65 
4.68 
5.18 
4.93 

6.20 
6.03 
5.65 
6.48 
6.13 
6-00 

5.625 
5.382 
5.262 
5.445 
5.522 
5.445 

0.591 
0.744 
0.527 
0.901 
0.411 
0.442 

AVERLGES FOR 

1 3 

42.30 56-30 
45.60 48.40 
47.00 45.90 
55.30 45-10 
13-60 43-30 
41-40 46-00 

HEHATDCRIT (PERCENT) 

5 7 

49.10 46-40 
49-80 49-80 
47.20 47.90 
46-60 46.50 
45.60 45-60 
45.70 41.60 

AVERAGES FOR HEMATOCRIT (PERCENT) 

2 4 6 8 MEAN STD OEV INDIVIDUAL lNOIVlOUAL 

OAYS 
1 0  
12 
15 
19 
21 
2r 

UEAN STD OEV 

DAYS 
10 
12 
15 
19 
21 
27 

46.025 2-802 
48.400 1.980 
47.000 0.829 
46.025 0-629 
44.275 1.044 
44.675 2.065 

44.90 49.10 48.30 44.40 
50.00 47.70 48.50 52.30 
52.30 49.80 59.80 50.60 
48.?0 48.00 49.20 50.10 
49.50 45.80 46.90 46.50 
44-10 48.00 47.60 47.10 

46.675 2.370 
49.625 2.022 
50.625 1.179 
49.000 0.883 
47.175 1.615 
46.700 1.772 

/25 



AVERAGES FOR 

1 3 

1131 PLASMA VOL. IL) 

5 7 

AVERAGES FOR I131 PLASMA VOL. (La  

2 4 6 8 ST0 OEV 

0.389 
0.374 
0.319 
0.476 
0.269 
0.264 

ST0 OEV 

3.264 
4.032 
0.656 
3.281 
4.400 
0.754 
5.600 
3.491 
4.638 

STD DEV 

0.743 
0.193 
0.327 
0.369 
0.641 
0.556 
0.420 
0.531 
0.363 

STO DEV 

3.924 
5.282 
2.901 
0.629 
0.577 
1.958 
2.327 
3.567 
1.633 

STD OEV 

3.670 
6.509 
2.838 
4.995 
6.085 
5.361 
7.368 
4.827 
7.569 

STD OEY 

4.899 
4.466 
4.551 
3.479 
6.P14 
18.242 

STO DEV 

0.081 
0.385 
0.211 
0.106 
0.101 
0.166 

INOIVIOUAL l N D I V l O U A L  MEAN 

3.202 
2.903 
2.840 
2.972 
3.110 
3.085 

MEAN 

140.350 
140.200 
134.650 
137.625 
137.950 
136-125 
134.425 
135.100 
131.975 

MEAN 

3.895 
4.077 
3.602 
3.647 
3.795 
3.127 
3.837 
4.167 
3.972 

MEAN 

103.375 
103.125 
99.750 
97.875 
98.000 
98.000 
98.250 
100.300 
98.000 

MEAN 

3.235 
3.092 
3.035 
3.255 
3.417 
3.3k2 

MEAN 

140.125 
141.475 
136.475 
139.525 
138.675 
134.650 
134.900 
133.500 
132.275 

UEAN 

3.880 
4.107 
3.520 
3.900 
3.415 
3.457 
3.782 
3.765 
3.690 

WEAN 

103.000 
105.500 
102.125 
98.125 
99.500 
98.875 
100.875 
100.625 
99.000 

STD DEV 

0.441 
0.491 
0.381 
0.289 
0.440 
0.398 

STO OEV 

2.110 
1.763 
2.681 
4.021 
7.196 
1.580 
5.946 
4.577 
5.236 

STO OEV 

0.506 
0.478 
0.415 
0.497 
0.118 
0.231 
0.292 
0.628 
0.373 

STO OEV 

2.881 
4.601 
3.198 
0.629 
0.707 
2.394 
2.213 
4.820 
2.273 

STO OEV 

2.055 
8.583 
3.817 
8.176 
6.464 
3.413 
7.062 
4.736 
5.430 

sm DEV 

17.913 
6.420 
3.753 
6.739 
4.891 
6.344 

STO OEV 

0.200 
0.024 
0.139 
0.044 
0.164 
0.101 

DAYS 
10 
12 
15 
19 
21 
27 

OAYS 
10 
12 
15 
19 
21 
27 

3.73 2.74 
3.75 2.59 
3.44 2.69 
3.46 2.95 
3.92 3.01 

3-15 
2.87 
2.60 
2.58 
2.91 
3.17 

3.30 
3.24 
3.10 
3.29 
3.11 
3.04 

2.71 
2.39 
2.53 
2.55 
2.93 
2.75 

3.65 
3.11 
3.13 
3.47 
3.49 
3.38 3.54 2.88 3.17 3.78 

AVERAGES FOR NA SERUM CONC. I M E P I L I  

2 4 6 8 

145.20 139.00 138.10 139.10 
145.90 140.00 136.70 138.20 
134.80 135.20 134.90 133.70 
135.40 141.40 139.30 134.40 

AVERAGES FOR NA SERUM CONC. I M E P I L I  

1 3 5 7 

143.30 139.50 138.40 139.30 

INDlVIOUAL INOIVIOUAI. 

OAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

DAYS 
1 
5 
10 
12 
15 
1P 
21 
23 
27 

r-- 

144.50 i35.00 i36.20 136.10 
135.00 136.50 136.40 136.60 
134.90 135.20 140.60 127.00 
136.30 132.50 139.50 132.10 
132.00 138.50 128.20 129.20 

132.80 135.10 138.50 127.60 
131.50 139-90 129.00 128.70 

AVERAGES FOR K SERUM CONC. I M E P I L I  

1 3 5 7 

AVERAGES FOR K SERUM CONC. I M E P I L I  

2 4 6 8 I N D l  VIDUAL INOIVIDUAL 

DAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

OAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

4.50 3.80 3.95 3.27 
4.80 3.92 3.71 4.00 
3.22 3.24 4.11 3.51 
3.40 4.26 4.39 3.55 
3.45 3.24 3.48 3.49 
3.55 3.12 3.52 3.64 
4-11 3.40 3-80 3.82 
3.13 3.51 4.61 3.81 
3.71 3.44 4.21 3.40 

4.88 3.55 4.00 3.15 
4.23 3.86 4.25 3.97 
3.45 3.68 4.02 3.26 
3-90 3.61 3.94 3-14 
4.70 3.51 3.75 3.22 
4.42 3.06 3.74 3.69 
4.28 3.52 4.11 3-44 
4.31 3.48 4.76 4.12 
4.29 3.49 4.21 3-90 

AVERAGES FOR CL SERUM CONI;. inEn/Li 

1 3 5 7 

AVERAGES FOR CL SERUM CONC. I N E P I L )  

2 4 6 8 1NDIVIOUAl  I N O I V I D U A L  

DAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

DAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

106.50 
107.50 
98.50 
98.00 
100.00 
99.00 
98.50 
96.00 
96.00 

103.50 
111.00 
100.50 
97.50 
99.50 
100.00 
99.50 
91.00 
100.50 

99.50 
101.00 
105.50 
98.00 
98.50 
95.50 
103.00 
105.50 
98.50 

102.50 
102.50 
104.00 
99.00 
100.00 
101.00 
102.50 
104.00 
101.00 

108.50 103.50 102.50 99.00 
107.50 104.00 95.50 105.50 
100.50 96.00 99.50 103.00 
97.00 98.00 98.00 98.50 
97.50 98.50 97.50 98.50 
97.00 98.50 96.00 100.50 
97.50 95.50 99.00 101.00 
97.70 97-00 104.50 102.00 
98.00 98.00 96.00 100.00 

AVERAGES FOR OSMOLARITY SERUM I O S M I L I  AVERAGES FOR OSMOLARITY SERUM IOSMIL) 
1 3 

284.00 289.00 
309.40 301.00 

5 

286.00 
307.10 
289.10 
275.20 
212.90 
281.30 
278.10 
285.40 
278.00 

7 

286.30 
290.20 
282.70 
274.50 
278.30 

277.10 
280.30 
276.30 

286.40 

MEAN 

286.325 
301.925 
285.300 
281.925 
280.175 
286.175 
278.150 
281.700 
274.150 

R E I N  

270.000 
276.675 
211.325 
282.200 
278.000 
214.400 

WEAN 

1.165 
1.065 
1.052 
1.145 
1.090 
1.120 

I N O I V I D U A l  

DAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

2 4 6 8 

285.00 
289.60 
286.90 
275.10 
280.10 
277.20 
278.60 
281.30 
278.40 

MEAN 

288.975 
296.525 
283.250 
280.075 
286.375 
284.850 
279.150 
282.325 
274.775 

MEAN 

280.650 
274.675 
278.275 
278.575 
277.550 
261.650 

MEAN 

1.057 
1.282 
1.115 
1.047 
1.022 
1-042 

INOlVIDUAL 

DAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

288.20 288.90 285.10 
287.20 269.50 281.30 
282.50 276.90 288.60 
268.10 268.90 283.70 

275.60 285.50 
266.10 276.20 

AVERAGES FOR OSMOL POST EX SERUM 

1 3 5 7 

278.00 282.80 275.70 243.50 
276.80 285.70 271.70 272.50 
276.10 280.90 272.60 279.70 
274.60 290.90 280.60 282.70 

265-70 274.70 280.80 27b.40 
279.40 ~7i.oo 2a2.40 279.20 

AVERAGES FOR OSMOL POST EX SERUM 

2 4 6 8 
IllolVlOUhL 

OAYS 
10 
12 
15 

I N D I V I D U A L  

OAYS 
10 
12 
15 
19 
21 
27 

277.10 277.90 279.80 287.80 
280.50 275-40 270.00 272.80 
282.20 281.70 272.60 276.60 
274.70 282.80 271.10 279.70 
276.70 269.90 286.70 27h.VO 

i9 
21 
27 - ._ . 

266.40 270.40 234.80 275.00 

Fa CREATNINE S E R M  1- PCTl 

1 3 5 7 

0.99 1.05 1.18 1.44 
1.05 1.05 1-10 1.06 
1.17 0.81 1.02 1.15 
1-11 1-09 1.13 1.19 
1-01 0.94 1.02 1.32 
1.00 1.21 1.06 1.21 

AVERAGES FOR CREATNINE SERUH IGM P C T I  

2 4 6 8 I N D I V l O U A L  

OAYS 
10 
12 
15 
19 
21 
27 

I 26  

l*DIVIOUAL 

DAYS 
10 
12 
15 
1. 
21 
27 

1.10 1.00 0.98 1.15 
1-10 1.08 1-09 1.86 
1.10 1.05 1.09 1.50 
1.10 0.98 0.94 1.17 
1.10 0.98 0.90 1.11 
1.10 0.89 0.93 1.25 



INOIVIOUAL 

OAVS 
10 
12 
15 
19 
21 
21 

I N O I V I D U A L  

OAVS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

OAVS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

DAIS 
10 
12 
15 
19 
21 
21 

INO!VIOUAl 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAt  

DAYS 
10 
12 
15 
19 
21 
21 

INGIVIOUAL 

OAYS 
10 
12 
15 . 
19 
21 
21 

I N D I V I D U A L  

DAYS 
10 
12 
15 
19 
21 
21 

AVERAGES FOR REN PLAS FLOY PRE EX 

1 3 5 1 

904.00 462.00 170.00 768.00 
635.00 500.00 804.00 887.00 
814.00 402.00 618.00 778.00 
680.00 588.00 494.00 8 8 L O D  
606.00 514.00 1392.00 1218.00 
899.00 448.00 139.00 990.00 

AVERAGES FOR RPF EXERCISE I M L I M I N I  

1 3 5 1 

170.00 329.00 434.00 490.00 
501.00 343.00 459.00 415.00 
625.00 316.00 390.00 491-00 
815.00 431.00 4b5.00 616.00 
656.00 361.00 W5.00 574.00 
645.00 341.00 594.00 521.00 

AVERAGES FOR RPF POST EX I M L I M I N I  

1 3 5 1 

639.00 351.00 669.00 585.00 _. -. 
526.00 492.00 534.00 604.00 
516.00 500.00 850.00 645.00 
688.00 503.00 850.00 663.00 
901.00 501.00 846.00 692-00 
901.00 389.00 656.00 631.00 

AVERAGES FOR GFR I N U L I N  PRE EXERCISE 

1 3 5 1 

196.00 121.00 132.00 88.00 
193.00 106.00 173.00 119-00 
133.00 117.00 95.00 100.00 

179.00 106-00 138.00 163.00 
110.00 101.00 114.00 101.00 

isi;Oo 86.00 116.00 131.00 

AVERAGES FOR GFR I N U L I N  EXERCISE 

1 3 5 7 

117.00 90.00 110.00 186.00 
228.00 107.00 124.00  106.00 
166.00 103.00 82.00 148.00 
115.00 86.00 121.00 140.00 
117.00 91-00 162.00 117.00 
131.00 57.00 131.00 119.00 

AVERAGES FOR GFR I N U L I N  POST EX 

1 3 5 7 

158.00 79.00 108.00 146.00 
226.00 62-00 95.00 105.00 
113.00 85.00 105.00 123.00 
170.00 98-00 108.00 102.00 
195.00 9lJJO 129.00 112.00 
162.00 89.00 103.00 107.00 

MEAM 

726.000 
106.500 
668.000 
710.750 
941.500 
169.000 

MEAN 

505.750 
446.000 
451-000 
583.250 
521.500 
526.750 

MEAN 

562.500 
539.000 
642.150 
676.000 
138.000 
645.150 

MEAN 

134.250 
141.1SO 
111.250 
123.000 
146.500 
122.500 

MEAN 

140.150 
141.250 
124.750 
130.500 
138.250 
109.500 

WEAN 

122.150 
122.000 
106.500 
119.500 
133.250 
115.250 

AVERAGES FOR GFR ENOOG. CREAT. PRE EX 

1 3 5 7 MEAN 

170.00 130.00 129.00 100.00 132.250 
180.00 153.00 136.00 143.00 153.000 
170.00 160.00 150.00 120.00 150.000 
163.00 150.00 134.00 124.00 142.750 
145.00 1400100 144.00 100.00 132.250 
150.00 140.00 120.00 100.00 127.500 

AVERAGES FOR GFR ENOOG. CREA7. PO. EX 

1 3 5 1 MEAN 

112.00 84-00 100.00 62-00 104.500 
106.00 74-00 50.00 122.00 88.000 
126.00 33.00 21.00 35.00 55.250 
146.00 50.00 75.00 16.00 86.750 
69.00 47.00 18-00 90.00 56.000 
130.00 51.00 36.00 90.00 18.250 

STO OEV 

117.155 
173.052 
1861433 
122.813 
419.076 
237.825 

STO OEV 

188.383 
71.508 
134.405 
113.352 
125.511 
132.921 

STO OEV 

141.340 
47.004 
150.323 
142.031 
118.608 
209.169 

STO OEV 

45.213 
41.852 
11.289 
31.180 
31.838 
28.261 

STO OEY 

41.898 
58.420 
31.913 
31.153 
31.500 
35.454 

STO DEV 

36.124 
11.126 
16.114 
33.911 
43.192 
32.108 

STO OEV 

28.756 
19.305 
21.602 
17.231 
21.608 
22.114 

STO OEV 

47.620 
32.249 
41.289 
41291 
30.822 
41.040 

127 

INOIWlDUAL 

DAIS 
10 
12 
15 
19 
21 
n 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
27 

INOIVIDUAL 

DAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOVAL 

o a v s  
10 
12 
15 
19 
21 
27 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

AVERAGES FOR 

2 4 

506.00 553.00 
521.00 592.00 
554.00 540.00 
616.00 783.00 
850.00 846.00 
610.00 690.00 

AVERAGES FOR 

2 4 

373.00 236.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
526.00 470.00 
464.00 468.00 

REN PLAS FLOY PRE EX 

6 8 

593.00 691.00 
586.00 719.00 
518.00 821.00 
671.00 1078.00 
113.00 911.00 
613.00 156.00 

RPF EXERCISE I M L I M I N I  

6 8 

475.00 183.00 
-0.00 -6.00 
-0.00 -0.00 
-0.00 -0.00 

469.00 166.00 
510.00 608.00 

AVERAGES FOR RPF POST EX I M L I M I N I  

2 4 6 8 

373.00 
-0.00 
-0.00 
-0.00 
593.00 
530.00 

265.00 
-0.00 
-0.00 
-0.00 
782.00 
114.00 

562.00 
-0.00 
-0.00 
-0.00 
599.00 
613.00 

593.00 
-0.00 
-0.00 
-0.00 
694.00 
621.00 

AVERAGES FOR GFR I N U L I N  PRE EXERCISE 

2 4 

84.00 68.00 
94.00 119.00 
165-00 98.00 
122.00 113.00 
145.00 99.00 
122.00 99.00 

AVERAGES FOR 

2 4 

54.00 28.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
116.00 96.00 
135.00 81-00 

6 8 

138.00 221.00 
71.00 142.00 
131.00 149.00 
144.00 187.00 
141.00 155.00 
132.00 117.00 

GFR I N U L I N  EXERCISE 

6 8 

133.00 140.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
116.00 143.00 
123.00 124.00 

AVERAGES FOR GFR I N U L I N  POST EX 

2 4 6 8 

31.00 
-0.00 
-0.00 
-0.00 
131.00 
99.00 

146.00 
-0.00 
-0.00 
-0.00 
88.00 
120.00 

122.00 
-0.00 
-0.00 
-0.00 
124.00 
121.00 

129.00 
-0.00 
-0.00 
-0.00 
114.00 
116.00 

UEAN 

585.750 
604.508 
624.150 
802.000 
846.500 
682.250 

UEAN 

466.150 
0.000 
0.000 
0.000 

556.250 
512.500 

MEAN 

448.250 
0.000 
0.000 
0.000 

661.000 
621.000 

MEAN 

129.250 
106.500 
135.150 
141.500 
135.000 
111.500 

MEAN 

88.750 
0.000 
0.000 
0.000 

111.150 
111.250 

MEAN 

107.000 
0.000 
0.000 
0.000 

114.250 
115.500 

AVERAGES FOR GFR ENOOG. CREAT. PRE EX 

2 4 6 8 MEAN 

100-00 140.00 130.00 155.0P 131.250 
-0.00 -0.00 -0.00 -0.00 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 
115-00 108.00 140.00 150.00 128.250 
100.00 140.00 110.00 120.00 117.500 

AVERAGES FOR GFR ENOOG. CREAT. PO- EX 

2 4 6 8 MEAN 

115.00 
-0.00 
-0.00 
-0.00 
119.00 
100.00 

119.00 
-0.00 
-0.00 
-0.00 
159.00 
158.00 

100.00 
-0.00 
-0.00 
-0.00 
91.00 
90.00 

100.00 
-0.00 
-0.00 
-0.00 
85.00 
100.00 

108.500 
0.000 
0.000 
0.000 

113.500 
112.000 

STO OEV 

18.661 
82.821 
135.743 
191.114 
101.804 
60.013 

STO OEV 

232.463 
0.000 
0.000 
0.000 

142.641 
66.980 

STO OEV 

156.135 
0.000 
0.000 
0.000 
89.543 
15.344 

STD DEV 

71.719 
30.730 
28.765 
33.010 
24.712 
13.820 

STO OEV 

56.222 
0.000 
0.000 
0.000 
19.294 
20.887 

STO OEV 

51.659 
0.000 
0.000 
0.000 
18.839 
11.902 

STO OEV 

23.229 
0.000 
0.000 
0.000 
19.973 
11.078 

STO OEV 

9.950 
0.000 
0.000 
0.000 
33.759 
31.021 



I N D I V I D U A L  

OAVS 
1 
5 
9 

11 
12 
13 
14 
ld 
18 
20 
23 

AVERAGES FOR 

1 3 

i51.00 i3i.00 

GFR ENOOG. 

5 

129.00 
129.00 
129.00 
147.00 
136.00 
139.00 
140.00 
129.00 
134.00 
144.00 
108.00 

CREAT. 24 

1 

95.00 
98-00 

102.00 
142.00 
143.00 
124.00 
120.00 
119.00 
124.00 
101.00 
99.00 

HR. 

UEAN 

136.750 
129.150 
138.000 
155.500 
154.150 
148.250 
152.500 
142.500 
143.250 
132.000 
123.000 

STO OEV 

43.561 
22.867 
41.641 
16.941 
19.619 
23.698 
27.429 
22.956 
17.538 
20.736 
23.841 

INOIVIOUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 
16 
18 
20 
23 

AVERAGES FOR 

2 4 

GFR ENVOG. 

6 

130.00 
130.00 
130.00 
109.00 
120.00 
143.00 
133.00 
101.00 
139.00 
142.00 
114.00 

CREAT. 24 

8 

149.00 
154.00 
111.00 
143.00 
156.00 
136.00 
136.00 
140.00 
165.00 
153.00 
122.00 

HR. 

MEAN 

135.250 
131.250 
135.150 
122.150 
131.500 
136.000 
141.000 
134.250 
145.250 
129.500 
120.250 

STO OEV 

30.794 
28.135 
24.005 
14.841 
11.000 
7.814 

10.863 
19.449 
16.174 
21.455 
17.211 

AVERAGES FOR NA URINARY 24 HR I U E W L I  AVERAGES FOR HA URINARY 24 HR I N E P I L I  

INDlVIOUAL 1 3 5 1 UEAN ST0 OEV I N o I v I O U A L  2 4 6 8 UEAN S70 VEV 

DAYS 
1 
5 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

141.00 
112.00 
191.00 
195.00 
241.00 
-0.00 
-0.00 

163.00 
-0.00 

186.00 
-0.00 

175.00 
115.00 
129.00 
167.00 
171.00 

165.00 
260.00 
207.00 
105.00 
175.00 

-0.00 
-0.00 

209.00 
-0.00 

179.00 
-0.00 

167.00 
116.00 
95.00 

172.00 
138.00 

114.00 
258.00 
199.00 
207.00 
226.00 
118.00 
212.00 
118.00 
131.00 
141.00 
161.00 
180.00 
94.00 

127.00 
242.00 

85.00 

256.00 
231.00 
217.00 
130.00 
225.00 
126.00 
221.00 
162.00 

186.00 
186.00 
202.00 
110.00 
123.00 
142.00 
122.00 

i3z.oa 

185.900 
230.250 
205.000 
159.250 
216.750 
122.000 
219.500 
118.000 
131.500 
114.500 
113.500 
181.000 
108.1510 
ll8.5W 
180.750 
129.000 

4a.322 
41.023 

9.0V2 
4v.520 
28.179 

5.651 
10.601 
21-924 

18.628 
11.618 
14.989 
10.118 
15.864 
42.890 
35.730 

0.m 

DAYS 
1 
5 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

237.00 
251.00 
253.00 
42.00 

256.00 
-0.00 
-0.00 

195.00 
-0.00 

221.00 
-0.00 

159.00 
88.00 

112.00 
246.00 
172.00 

217.00 
256.00 
203.00 
106.00 
197.00 
-0.00 
-0.00 

185.00 
-0.00 

167.00 
-0.00 

133.00 
, 81.00 

88.00 
126.00 
55.00 

204.00 
163.00 
183.00 
178.00 
239.00 
99.00 

130.00 
153.00 
144.00 
141.00 
141.00 
168.00 
49.00 
10.00 

124.00 
25.00 

255.00 
254.00 
238.00 
118.00 
227.00 
108.00 
175.00 
163.00 
93.00 

185.00 
154.00 
212.00 
90.00 

124.00 
242.00 
132.00 

228.250 
231.000 
219.250 
126.000 
229.750 
103.500 
152.000 
174.000 

180.000 
147.500 
168.000 
78.500 

111.500 
184.500 
96.000 

ii8.5aa 

22.411 
45.380 
31.983 

1-113 
19.356 
36.062 
31.432 
9.192 

19.106 
45.000 
68.129 
67.809 

32. a73 

AVERAGES FOR NA URINE OUTPT I I E P I O A Y I  AVERAGES fOR HA URlWE OUTPT IMEPIOAYI  

lNOlVlDUAL 1 3 5 7 UEAN STP OEV INOIVIOUAL 2 4 6 8 MEAN ST0 OEV 

DAYS 
1 
5 
9 

10 
11 
12 
13 
14 

;2 
17 
18 
19 
20 
23 
26 

147.08 
252.39 
216.33 
280168 
339.43 
-0.00 
-0.00 

226.28 
-0.00 

298.09 
-0.00 

219.76 
289.38 
152.31 
112.27 
191.47 

147.95 
382.94 
245.87 
178.85 
228.46 
-0.00 
-0.00 

226.28 
-0.00 

232.81 
-0.00 

228.16 
265.01 
96.61 

136.21 
84.42 

159.27 
276.33 
363.36 
378.59 
271.98 
250.22 
269.80 
206.70 
289.38 
252.39 
202.35 
245.87 
274.15 
112.27 
201.04 
187.12 

280.68 
300.26 
230.64 
251.13 
391.64 
215.40 
280.68 
215.40 
237.16 
298.09 
215.40 
237.16 
239.34 
171.45 
202.35 
178.42 

183.741 
302.981 
219.041 
273.064 
307.876 
232.811 
275.239 
218.668 
263.272 
270.344 
208.877 
232.811 
266.971 
133.159 
162.968 
160.357 

64.859 
56.716 
59.331 
82.519 
72.130 
24.616 

7.693 
9.484 

36.925 
33.016 

9-231 
11.236 
20.986 
34.668 
45.179 
50.914 

DAYS 
1 
5 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

i o  

1U.W 
254.51 
285.03 
117.93 
322.02 
-0.00 
-0.00 

184.94 
-0.00 

224.11 
-0.00 

169.71 
115.32 
104.44 
230.64 
103.13 

237.16 
385.12 
280.68 
249.35 
263.27 
-0.00 
-0.00 

239.34 
-0.00 

219.76 
-0.00 

211.05 
206.27 

77.46 
120.97 
75.28 

191.47 
131.42 
213.23 
203.22 
322.02 
191.41 
174.06 
200.17 
176.21, 
171.89 
-0.00 

217.58 
144.41 
77.02 

139.25 
78.33 

276.33 
2S5.81 
261.10 
282.42 
304.61 
241.51 
221.93 
238.47 
230.(rk 
198.00 
-0.00 

245.87 
208.88 
117.06 
202.35 
117.93 

209.965 
254.243 
260.009 
213.229 
302.981 
216.493 
191.998 
215.131 
203.438 
203.438 

0.000 
211.053 
168.734 
93.995 

173.303 
93.668 

60.884 
103.737 
32.878 
71.354 
27.715 
35.386 
33.848 
21.472 
38.463 
23.934 

0.000 
31.430 
46.+11 
20.021 
51.132 
20.424 

AVERAGES FOR NA URINE RATE I U E P I W I N I  AVERAGES FOR NA URINE RATE I U E Q I N I N I  

1 3 5 7 2 4 6 MEAN STO OEV I N D I V I D U A L  8 HEAN ST0 OEV INOIVIOUAL 

OAYS DAYS 
114-50 93.00 111.00 195.00 128.375 45.404 

5 175.00 266.00 192.00 208.00 210.250 39.534 
9 195.00 171.00 253.00 160.00 

12 -0.00 -0.00 173.00 149.00 
13 -0.00 -0.00 107.00 lP1.00 190.500 4.950 
14 156.00 156.00 144.00 150.00 
15 
16 207.00 162-00 176.00 206.00 
17 -0.00 -0.00 140.00 150.00 
18 154.00 158.00 111.00 165.00 
19 201.00 184.00 185.00 166.00 
20 106.00 61-00 78-00 89-00 
23 7a.m 94.50 139.00 141.00 113.125 31.166 
26 132.00 58-50 130.00 89.00 102.315 35.330 26 

1 1 

10 195.00 124.00 263.00 176.00 189.500 57.460 10 
11 236.00 159.00 188.00 272.00 213.750 50.162 11 

94-00 164.00 133.00 193.00 146.000 42.450 
5 179.00 267.00 91.00 110.00 176.750 71.992 

194.750 41.492 9 198.00 195.00 147.00 182.00 180.500 23.388 
82.00 173.00 141.00 196.00 148.000 49.444 

213.00 183.00 224.00 212.00 208.000 17.531 
161.000 16.971 12 -0.00 -0.00 133.00 166.00 149.500 23.335 

13 -0.00 -0.00 121.00 154.00 131.500 23.335 
149.500 15.864 151.500 5.745 14 133.00 161.00 139.00 165.00 

-0.00 -0.00 122.00 160.00 141.000 26.810 
187.750 22.396 16 159.00 139.00 119.00 138.00 138.750 16.338 

143.500 11.671 145.000 1.071 11 -0.00 -0.00 196.00 131.00 
162.000 7.528 18 118.00 144.00 151-00 111.00 146.000 21.894 

115-000 $5.393 184.000 1k.306 19 12.00 143.00 100.00 145.00 
60.00 54-00 53.50 81.50 b2-250 13.1b9 

23 160.00 114.00 96.50 141.00 127.875 28.173 
71-50 52.00 53-00 82-00 64.625 14.648 

-0.00 -0.00 201.00 165.00 183.000 25.456 15 

85.000 16.633 20 

AVERAGES FOR NA URINE RATE POST EX- AVERAGES FOR NA URINE RATE POST EX. 

1 3 5 7 2 4 6 8 WEAN S m  OEV UEAN STO OEV INOlVIOUAL INOlVlOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

266.00 
157.00 
130.00 
212.00 
240.00 
220.00 

92.00 
139.00 
99.00 

130.00 
79.00 

150.00 

200.00 
160.00 
121.00 
150.00 
110.00 
213.00 

198.00 
90.00 
16-00 

111.00 
24k.00 
126.00 

189.000 
136.500 
106.500 
150.750 
183.250 
117.250 

11.912 
32.357 
24.145 
43.828 
71.362 
46.457 

DAYS 
10 
12 
15 
19 
21 
21 

260.00 
150.00 
137.00 
236.00 
144.00 
300.00 

111.00 
125.00 
150.00 
150.00 
90.00 

150.00 

120.00 
123.00 
123-00 
123.00 
70.00 

204.00 

284.00 
242.00 
294.00 
243.00 
90.00 

116.00 

201.150 
160.000 
176-000 
18l.000 
91.500 

1vz.500 

16.574 
56.030 
lV.436 
60.548 
31.1.1 
80.306 



AVERAGES FOR K URINARY 24 HR INEPCLI  IVERAGES FOR K URINARY 24 HR IMEPILI 

INOIVIOUAL 1 3 5 1 MEAN STO OEV I H D l V I O U A L  2 4 6 8 WEAN STO OEV 

OAYS 
1 
5 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

60.00 
68.00 
57-00 
51.00 
41.00 
-0.00 
-0.00 
60.00 
-0.00 
60.00 
-0.00 
53.00 
31.00 
56.00 
34.00 
35.00 

98.00 
53.00 
58.00 
29.00 
42.00 
-0.00 
-0.00 
62.00 
-0.00 
54.00 
-0.00 
49.00 
32.00 
49.00 
51.00 
64.00 

113.00 
103.00 
36.00 
41.00 
47.00 
29.00 
66.00 
51.00 
31.00 
41.00 
49.00 
41.00 
31.00 
64.00 
45.00 
29.00 

89.00 
64.00 
82.00 
36.00 
31.00 
29.00 
59.00 
45.00 
34.00 
45.00 
54.00 
55.00 
32.00 
15.00 
45.00 
70.00 

90.000 
72.000 
58.250 
40.150 
41.750 
29.000 
62.500 
56.000 
32.500 
50.000 
51.500 
51.000 
31.500 
61.000 
43.150 
49.500 

22.316 
21.618 
18.804 
11.899 
1.544 
0.000 
4.950 
7.616 
2.121 
1.602 
3.536 
3.651 
0.571 
11.165 
7.089 

20.502 

DAYS 
1 
5 
9 

69.00 
52.00 
51.00 
13-00 
34.00 
-0.00 
-0.00 
85.00 
-0.00 
62-00 
-0.00 
57.00 
20.00 
58.00 
10.00 

100.00 

103.00 
63-00 
49.00 
41.00 
41.00 
-0.00 
-0.00 
56.00 
-0.00 
40.00 
-0.00 
45.00 
21.00 
52.00 
51.00 
35.00 

45.00 
10.00 
26.00 
29.00 
28.00 
11.00 
36.00 
40.00 
31.00 
31.00 
32.00 
34.00 
26.00 
38.00 
48.00 
38.00 

.108.00 
81.00 
78.00 
31.00 
29.00 
16.00 
35.00 
36.00 
17.00 
59.00 
38.00 
51.00 
20.00 
58.00 
79.00 
51.00 

81.250 
66.500 
51.000 
30.000 
34.500 
16.500 
35.500 
54.250 
24.000 
59.500 
35.000 
46.150 
21.150 
51.500 
62.000 
56.000 

29.136 
12.179 
21.276 
12.383 
8.731 
0.701 
0.107 
22.247 
9.0V9 
12.819 
4.243 
9.811 
2.872 
9.434 
14.944 
30.144 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

INOlVIDUAL 

OAYS 
1 
5 
9 
10 
11 
12 
13 
16 
15 
16 

AVERAGES FOR 

1 3 

11.61 19.28 
91.19 16.73 
84.40 69.05 
81-04 48.59 
66.50 56.27 

I( URINE OUTPUT IMEPIOAYI  

5 1 MEAN STO OEV 

AVERAGES FUR K URINE OUTPUT (MEQIOAYI 

2 4 6 8 WEAN STO OEV 1NOIVIOUAl  

DAYS 
1 
5 
9 
10 
11 
12 
13 
1'4 
15 
16 
11 
18 
19 
20 
23 
26 

104.86 97.19 88.235 15.416 
109.91 84.40 92.012 14.618 
66.50 86.96 76.726 10.541 
74.17 71.61 69.054 14.316 
56,2T 53.71 58.184 5.671 
61.38 51.15 56.266 1.234 
84.40 74.17 79.284 1.234 
66.50 58.02 68.414 9.655 
69.05 61.38 65.211 5.425 
69.05 71.61 76.126 11.996 
61.38 61.38 61.381 0.000 
63.94 63.94 65.857 2.449 
89.51 69.05 11.366 8.704 
56.27 84.40 63.939 15.481 
38.36 63.94 41.560 16.884 
61.38 46.04 46.036 10.851 

38.36 
53.11 
61.38 
35.81 
46.04 
-0.00 
-0.00 
81.84 
-0.00 
19.28 
-0.00 
61.38 
30.69 
84.40 
66.50 
61.38 

112.53 
94.63 
66.50 
91.19 
61.38 
-0.00 
-0.00 
74.17 
-0.00 
53.71 
-0.00 
71.61 
48.59 
46.04 
66.50 
48.59 

40.92 
48.59 
33.25 
33.25 
38.36 
33.25 
48.59 
58.82 
38.36 
43.48 
51.15 
43.48 
53.71 
40.92 
53.11 
46.04 

117.65 
79.28 
86.96 
58.82 
38.36 
35.81 
43.48 
51.15 
38.36 
63.94 
46.04 
58.82 

53.71 
66.50 
46.04 

48.59 

71.366 
69.054 
62.020 
56.266 
'16.036 
34.527 
46.036 
66.496 
38.363 
60.102 
48.593 
58.824 
+5.396 
56.266 
63.299 
50.512 

43.622 
21.101 
22.137 
29.606 
10.851 
1.808 
3.611 
14.008 
0.000 
15.274 
3.617 
11.627 
10.096 
19,478 
6.394 
7.346 

-0.00 -0.00 
-0.00 -0.00 
81.84 66.50 

i7 
18 
19 
20 
23 
26 

66.50 4e.s9 
23.02 40.92 
38.36 38.36 

AVERAGES FOR K URINE RATE IUEPIMINI 

1 3 5 1 

AVEF 

2 

LAGES FOR 

4 

78.00 
66.00 
47.00 
61.00 
43.00 
-0.00 
-0.00 
49.00 
-0.00 
33.40 
-0.00 
49.00 
34.00 
31.60 
46.00 
33.10 

K URINE 

6 

RATE lUEPl 

8 

'HlNl 
INOIVIOUAL 

OAYS 
1 
5 

WEAN STO OEV 

10.320 
10-136 
6.909 
9.899 
3.913 
5.445 
5.657 
6.564 
3.889 
8.689 
0.701 
0.750 

I N O I V I O U I  U MEAN STO OEV 

DAYS 
1 
5 

50.50 
68.00 
58.00 
57.00 
46.00 
-0.00 
-0.00 
57.00 
-0.00 
66.50 
-0.00 
46.00 
54.00 
46.00 
16.10 
27.00 

55.50 
54.00 
48.50 
34.00 
38.20 
-0.00 
-0.00 
46.00 
-0.00 
49.00 
-0.00 
46.50 
51.00 
34.10 
27.80 
27.40 

13.00 
76-50 
46.00 
52.00 
39.20 
42.50 
58.50 
46.50 
41.50 
48.50 
42.50 
45.00 
62.00 
39.00 
26.00 
43.50 

67.00 
58.00 
60.00 
49.00 
37.50 
34.80 
50.50 
41.50 
42.00 
50.00 
43-50 
45.00 

54.00 
44.50 
31.30 

48.00 

61.500 
64.125 
53.125 
48.000 
40.225 
38.650 
54.500 
47.750 
54.750 
53.500 
43.000 
45.625 
53.750 
43.275 
28.675 
32.300 

19.50 
31.60 
42.50 
25.00 
28.00 
-0.00 
-0.00 
51.00 
-0.00 
45.00 
-0.00 
42.00 
21.00 
55.50 
45.50 
50.00 

29.20 
33.00 
22.20 
23.00 
27.20 
22.40 
33.00 
40.50 
26.80 
2P.80 
35.40 
30.60 
53.00 
29.20 
37.20 
32.60 

80.50 
54.00 
59.50 
41.00 
27.00 
24.80 
31.00 
36.50 
26.40 
44.00 
32.70 
41.00 
33.00 
31.90 
45.50 
32.00 

51.800 
47.650 
42.800 
39.000 
31.300 
23.600 
32.000 
44.250 
26.600 
38.050 
34.050 
40.650 
35.250 
38.550 
43.550 
31.075 

31.959 
15.195 
15.502 
20.331 
7.812 
1.691 
1.414 
6.886 
0.283 
1.602 
1.909 
1.581 
13,226 
11.881 
4.240 
8.645 

9 
10 
11 
12 

L 13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

6-021 
8.658 
11.611 
1.114 

AVERAGES FOR K URINE RATE POST EX AVERAGES FOR K URINE RATE POST EX 

INDIVIOUAL 1 3 5 1 MEAN STO OEV INOIVIOUAL 2 4 6 8 MEAN STO OEV 
DAYS "A"< 
10 
12 
15 
19 
21 
27 

113.00 
111.00 
117.00 
122.00 
117.00 
132.00 

51.00 60.00 
76-00 bO.OO 
85.00 88.00 
100.00 101.00 
40.00 85.00 

133.00 

125.00 
78.00 
80.00 
106.00 
137.00 
77.00 

87.250 
81.250 
92.500 
107.250 
94.750 
95.500 

31.170 
21.401 
16.663 
10.178 
42.319 
45.311 

- lo 
12 
15 
19 
21 
21 

87.00 
60.00 
60.00 
85.00 
94.00 
154.00 

15.00 
34.00 
40.00 
45.00 
30.00 
30.00 

45.00 
40.00 
28.00 
85.00 
46.00 
114.00 

85.00 
41-00 
64-00 
68.00 
102.00 
110.00 

73-000 
43.750 
48.000 
70.750 
68.000 
102.000 

19.391 
11.266 
16.971 
18.945 
35.402 
51.949 40.00 

AVERAGES FOR CL URINARY 24 HR (MEPILI AVERAGES FOR CL URINARY 24 HR I M E P I L I  

1 3 5 1 2 MEAN STO OEV I N D I V I O U A L  4 6 8 MEAN SlO OEV I N O I V I O U I L  

OAYS 
1 
5 
9 

156.00 
280.00 
289.00 
318.00 
-0.00 
-0.00 
210.00 

-0.00 
270.00 

-0.00 
223.00 

-0.00 
301dJ0 
149.00 
349.00 

108.00 
401.00 
257.00 
206.00 
-0.00 
-0.00 
212.00 
-0.00 
235.00 
-0.00 
230.00 
-0.00 
119.00 
112.00 
19.00 

114.00 
269.00 
341.00 
251.00 
256.00 
287.00 
202.00 
283.00 
251.00 
203-00 
266.00 
261.00 
98.00 
180.00 
191.00 

216.00 
293.00 
231.00 
346.00 
207.00 
~12.00 
223.00 
223.00 
286.00 
215.00 
228.00 
223.00 
136.00 
203.00 
68.00 

178.500 
310.750 
281.000 
281.750 
231.500 
349.500 
211.750 
253.000 
260.500 
209.000 
236.750 
245.000 
185.000 
161.000 
113.250 

10.718 
60.961 
49.981 
62.691 
34.648 
88.388 
8-655 
42.426 
22.219 
8.485 
19.721 
31.113 
135.561 
39.455 
130-911 

D I Y S  
1 
5 
9 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

120.00 
262.00 
272.00 
281.00 
-0.00 
-0.00 
177.00 
-0.00 
216.00 
-0.00 
173.00 
-0.00 
137.00 
212.00 
94-00 

216.00 
393.00 
218.00 
263.00 
-0.00 
-0.00 
235.00 
-0.00 
194.00 
-0.00 
189.00 
-0.00 
71.00 
160.00 
99.00 

174.00 
123.00 
119.00 
213.00 
112.00 
113.00 
202.00 
162.00 
161.00 
204.00 
211.00 
155.00 
17.00 
126.00 
130.00 

212.00 
244.00 
241.00 
272.00 
204.00 
208.00 
229.00 
202.00 
184.00 
165.00 
240.00 
171.00 
115.00 
13.00 
93.00 

195.500 
255.500 
242.500 
212.250 
188.000 
190.500 
210.150 
182.000 
190.250 
184.500 
203.250 
163.000 
100.000 
142.750 
104.000 

64.382 
110.509 
45.332 
7.365 
22.621 
24.749 
26.688 
28.284 
20.461 
21.511 
29.033 
11.314 
31.432 
58.420 
17.531 

1Y 
12 
13 
14 
15 
16 
11 
18 
1P 
20 
23 
26 

I 2 9  



INOlVlOUAL 

DAYS 
1 
5 

11 
12 
13 
14 
15 
16 
17 
18 
19  
20 
23 
26 

lNOlV1OUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

INOlVlOUAL 

DAYS 
10 
12 
1s 
19 
21 
27 

1NOlVIOUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 
16 
18 
20 
23 
26 

AVERAGES FOR CL URlNE OU7PT INEPIOAY AVERAGES FOR CL URlNE OUTPT lNEQIOAY 

1 3 5 7 MEAN STD DEV INDlVlOUAL 2 4 6 8 MEAN STO OEV 

156.53 
282.03 
290.49 
318.70 
-0.00 
-0.00 

202.22 
-0.00 

269.90 
-0.00 

222.81 
-0.00 

389.20 
149.48 
349.72 

108.30 
400.49 
258.06 
200.81 
-0.00 
-0.00 

202.78 
-0.00 

235.21 
-0.00 

229.86 
-0.00 

119.30 
111.40 
78.40 

174.30 
269.34 
346.90 
257.21 
256.65 
290.49 
200.52 
283.44 
251.01 
203.06 
266.24 
266.80 
98.71 

180.50 
198.27 

276.39 
293.31 
231.27 

201.09 
41+.59 
222.81 
222.81 
284.85 
214.91 
228.45 
224.50 
136.22 
201.09 
68.25 

9 .01  

178.879 
311.293 
281.679 

228.869 
352.540 
207.082 
253.123 
260.245 
208.986 
236.836 
245.650 
185.859 
160.617 
173.661 

283.6ao 

70.736 
60.263 
49.760 
72Jm 

39.287 
87.748 
10.526 
42.877 
21.685 

0.376 
19.837 
29.914 

136.428 
39.070 

131.386 

DAYS 
1 
5 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

120.15 
262.29 
272.16 
280.90 
-0.00 
-0.00 

176.83 
-0.00 

201.09 
-0.00 

173.45 
-0.00 

136.79 
201.09 
94.20 

216.32 
394.84 
278.37 
263.42 
-0.00 
-0.00 

235.50 
-0.00 

191.78 
-0.00 

188.96 
-0.00 
71.07 

160.48 
98.99 

174.30 
123.25 
179.09 
273.57 
172.04 
173.17 
201.09 
162.17 
166.96 
200.81 
201.37 
155.12 
77.28 

126.91 
130.30 

273.57 
244.24 
241.14 
272.16 
200.81 
208.14 
229.29 
200.24 
183.32 
221.39 
240.01 
170.63 
115.07 
73.33 
93.07 

196.083 
256.155 
242.688 
272.513 
186.423 
190.653 
210.678 
181.205 
185.788 
211.101 
200.948 
162.873 
100.051 
140.452 
104.140 

64.949 
111.174 
45.419 

7.173 
20.342 
24.729 
27.079 
26.923 
14.497 
14.558 
28.436 
10.968 
31.270 
54.057 
17.627 

AVERAGES FOR CL URINE RATE IUEPIMINI AVERAGES FOR CL URINE RA7E (UEQIMlNl 

1 3 5 7 2 4 6 8 MEAN S70 OEV UEAN S7O OEY lNOlVlOUAL 

DAYS 
1 
5 182.00 273.00 85.00 169.00 

83-00 150.00 121.00 I89.00 135.750 44.866 
177.250 76.960 

189.00 193.00 124.00 167.00 168.250 31.637 
11 195.00 171.00 190.00 189.00 186.250 10.500 
12 -0.00 -0.00 119.00 142.00 130.500 16.263 

-0.00 -0.00 120.00 144.00 132.000 16.971 
14 123.00 153.00 140.00 159.00 143.750 15.945 

-0.00 -0.00 113.00 140.00 126.500 19.092 
16 150.00 134.00 116.00 128.00 132.000 14.142 

-0.00 -0.00 142.00 115.00 128.500 19.092 
18 119.00 126.00 147.00 167.00 139.750 21.716 
19 -0.00 -0-00 108.00 119.00 113.500 7.778 
20 95.00 49.00 53.00 80.00 69.250 22.006 
23 147.00 111.00 88.00 51.00 99.250 40.302 
26 65.00 69.00 90.00 65.00 72.250 11.983 

108.00 75.00 121.00 192.00 124.000 49.295 
194-00 278-00 187.00 203.00 215.500 42.178 
201.00 178.00 241.00 160.00 195.000 34.957 
221.00 143-00 178.00 240.00 195.500 43.562 
-0.00 -0.00 178.00 144.00 161.000 24.042 
-0.00 -0.00 199.00 286.00 242.500 61.518 13 

146.00 147.00 140.00 155.00 147.000 6.164 
-0.00 -0.00 197.00 155.00 176.000 29.698 15 

188.00 163.00 174.00 199.00 181.000 15.769 
-0.00 -0.00 141.00 149.00 145.000 5.657 17 

155.00 160.00 185.00 158.00 164.500 13.820 
-0.00 -0.00 185.00 155.00 170.000 21.213 

269-00 83-00 68.00 94.00 128.500 94.271 
103.00 78.00 125.00 141.00 111.750 27.366 
242.00 55.00 137.00 47.00 120.250 90.707 

AVERAGES FOR CL URINE RATE POST EX AVERAGES FOR CL URlNE RATE POST EX 

1 3 5 7 MEAN sTo DEV 1NO1VlOUAL 2 4 6 8 MEAN STO OEV 

181.250 72.670 
199.500 115.010 
190.750 86.145 
156.750 97.678 
77.750 49.074 

202.500 67.510 

DAYS 
10 224.00 158.00 90.00 253.00 

124.00 272.00 109.00 258.00 15 
19 183.00 280-00 110.00 54.00 
2 1  114.00 33.00 38.00 126.00 
27 297.00 150.00 205.00 158.00 

12 150.00 350.00 80.00 218.00 
183.750 89.912 
129.250 13.937 
112.750 32.316 
125.500 45.625 
118.250 72.486 
120.750 92.514 

252.00 72.00 150.00 261.00 
139.00 128.00 140.00 110.00 
121.00 85.00 155.00 90.00 
181.00 70.00 132.00 119-00 
134.00 19.00 127.00 193.00 
169.00 9.00 219.00 86.00 

AVERAGES FOR OSHOL URlNE 24 HR 11O/Ll AVERAGES FOR OSUOL URINE 24 HR IUOILI 

1 3 5 7 MEAN STO OEV INOlVIOUAL 2 4 6 8 MEAN STO OEV 

958.00 1127.00 1179.00 1182.00 
1025.00 1106.00 1371.00 1256.00 
1097.00 995.00 933.00 1315.00 
1040.00 925.00 1174.00 817.00 
-0.00 -0.00 662.00 683.00 
-0.00 -0.00 1006.00 1198.00 

989.00 1110.00 998.00 1198.00 
952.00 930.00 710.00 882.00 

1027.00 831.00 935.00 1258.00 
1023.00 776.00 1100.00 1100.00 
906.00 942.00 1329.00 865.00 
741.00 780.00 -0.00 -0.00 

DAYS 
1 
5 
9 

11 
12 
13 
14 
16 
18 
20 
23 
26 

1169.00 1275.00 878.00 1284.00 
1269.00 1143.00 1116.00 1364.00 
1082.00 869.00 878-00 
1025.00 862.00 849.00 E% 

-0.00 -0.00 492.00 520.00 
-0.00 -0.00 710.00 855.00 

1327.00 1100.00 784.00 855.00 
1157.00 894.00 801.00 1140.00 
1132.00 663.00 717.00 1289.00 

780.00 594.00 897.00 1100.00 
1100.00 646.00 792.00 1129.00 
1100.00 415.00 -0.00 -0.00 

1151.500 189.664 
1223.000 115.248 

920.500 81.864 
506.000 19.799 

1016.500 782.500 247.333 102.530 
998.000 178.017 
950.250 308.060 
842.150 212.081 
916.750 236.290 
157.500 484.368 

1082.oOo  ow 

AVERAGES FOR OSHOL URINE POST EX AVERAGES FOR OSMOL URINE POST EX 

1 3 5 7 2 4 6 1NOlVlOUIL MAN STO DEV 1NOIVIOUAL 8 MEAN STO OEV 

DAYS DAYS 81.00 307.00 4 - 0 0  684.00 357.333 304.635 
246.000 36.770 
471.333 433.602 

10 
12 

107.000 0.000 
73.500 45.962 

102.000 0.000 

-0.00 220.00 -0.00 272-00 
1 0  677.00 555.00 -0.00 147.00 459.667 277.563 

12 249.00 481.00 -0.00 124.00 284.667 181.153 15 291.00 157.00 966.00 -0-00 

19 136.00 -0.00 -0.00 -0.00 136.000 0.000 21 106.00 41.00 -0.00 -0-00 
21 118.00 47.00 -0.00 -0.00 82.500 50.205 27 102.00 -0.00 -0.00 -0.00 27 31.00 71.00 -0.00 -0.00 51.000 28.284 

15 256.00 182.00 264.00 -0.00 234.000 45.211 19 101.00 -0.00 -0.00 -0.00 

AVERAGES FOR CREATNINE UR- 24HR ( I t 0  AVERAGES FOR CREATNINE UR. 24HR (MGO 

1 3 5 7 2 4 6 MEAN STD OEV 1NOIVIOUAL 8 MEAN STO OEV 1NOlVIOUAL 

OAYS 
1 
5 
9 

11 
12 
13 
14  
16 
18 
20 
23 

196.00 
196.00 
196.00 
208.00 
-0.00 
-0.00 

219.00 
219.00 
219.00 
162.00 
186.00 

231.00 
146.00 
156.00 
177.00 
-0.00 
-0.00 

198.00 
147.00 
147.00 
300.00 
229;oo 

204.00 
204.00 
204.00 
102.00 
158.00 
175.00 
117.00 
111.00 
L59.00 
240.00 
102.00 

183.00 
157.00 
199.00 
124.00 
129.00 
154.00 
150.00 
123-00 
180.00 
186.00 
132.00 

203.500 
175.750 
188.750 
152.750 
143.500 
164.500 
1T1.000 
150.000 
176.250 
222.000 
162.250 

20.273 
28.547 
22.081 
48.452 
20.506 
14.849 
46.152 
48.374 
31.595 
61.384 
56.465 

OAYS 
1 
5 
9 

11 
12 
13 
14  
16 
18 
20 
23 

264.00 
264.00 
264.00 
245.00 
-0.00 
-0.00 

231-00 
210.00 
189.00 
195.00 
268.00 

220.00 
220.00 
129.00 
144.00 
-0.00 
-0.00 

183.00 
177.00 
177.00 
174.00 
156.00 

228.00 
228.00 
228.00 

88.00 
139.00 
171.00 
169.00 
145.00 
144.00 
174.00 
147.00 

229.00 
264.00 
258.00 
185.00 
120.00 
183.00 
162.00 
222.00 
239.00 
258.00 
234.00 

235.250 19.585 
244.000 23.326 
219.750 62.516 
165.500 66.255 
129.500 13.435 
177.000 8.485 
186.250 31.085 
188.500 34.684 
187.250 39.399 
200.250 39-752 
201.250 59-214 
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AVERAGES FOR 1 

1 3 

2-83 1 - m  

AVERAGES FOR CREhRIlNE UR. 24- (WS) XEAlNINE UR. 24- G N S l  

5 1 #€AN ST0 OEV INDIVIOUAL 2 4 6 8 MEAN SlO OEV lNOlVIOUAL 

O I Y S  
1 
5 
9 

2.20 
2.20 
2.20 
2.16 
2.00 
2.03 
2.51 
1.90 
2.18 
2.11 
1.65 

1.81 
2-01 
2.11 
2.16 
2.19 
1.91 
1.99 
1.97 
2.12 
1.93 
1.89 

1.117 

2.wo 
2.095 
1.910 
2.392 
2.165 
2.237 
2.052 
1.852 

a.aos 
w a o  

0.422 
0.3% 
0.413 
0.3‘20 
0-13k 
0.085 
0.508 
0.418 
0.354 
O.7M 
0-171 

DAYS 
1 
5 
9 
11 
I2 
13 
14 
16 
18 
20 
23 

2.16 
2.16 
2.16 
2.17 
-0.00 
-0.00 
2.19 
2.17 
2.02 
1.82 
1.61 

2.40 
2.40 
1.50 
1.93 
-0.00 
-0.00 
2.37 
2.32 
2.32 
1.53 
2.03 

1.82 
1.82 
1.82 
1.12 
1.88 
2.24 
2.08 
1.69 
1.86 
1.92 
1.53 

2.48 
2.55 
2.84 
2.48 
2.69 
2.33 
2-36 
2.38 
2.78 
2.44 
1.95 

2.215 
2.232 
2.080 
2.015 
2.285 
2.285 
2.250 
2.140 
2.245 
1.921 
1.780 

0.296 
0.318 
0.574 
0.321 
0.513 
0.064 
0.140 
0.313 
0.404 
0.380 
0.241 

-.. 
2-03 2.15 
2-03 1.86 
2.85 2.31 

-0.00 -0.00 
-0.00 -0.00 

2.88 2.13 
2.88 1.91 
2.14 1.91 
1.13 3.04 
2.06 1.81 

i i  
12 
13 
14 
16 
18 
20 
23 

AVERAGES FOR NAIK SERUN AVERAGES FW M4kl S I I u n  

INOIVIOUAL 1 3 5 7 M A W  $70 RFY INOIVIOUCC 2 4 b 8 MEAN STO OEV 

OAVS 
10 
12 
15 
19 
21 
21 

41.65 
40.32 
k3.19 
38.28 
34.23 
35.44 

42.01 
34.04 
41.85 
42.82 
40.18 
40.61 

35-14 
31.89 
38.01 
31.18 
35.11 
30.64 

38.58 
38.31 
19.13 
s7.99 33.14 
31.85 

39.091 
36.140 
40.635 
39.069 
35.815 
%r!H 

3.644 
3.860 
2.310 
2.527 
3.092 
4.249 

DAY$ 
10 
12 
15 
19 
21 
21 

39.01 
34.72 
30.74 
30.54 
31.52 
30.77 

36-14 
39.17 
38. 46 
44.61 
58.41 
39.68 

33.56 
35.36 
36-32 
36-41 
34.21 
30.45 

41.01 
42.80 
42.27 
37-02 

13.11 
36.91 

37.595 
38.011 
36.941) 
37.140 
3S.264 
33.508 

3.209 
3.150 
4.812 
5.766 
3.042 
4.281 

AVERAGES FOR 

1 3 

NAIK URINE 

5 7 

1.52 2.89 
2.51 3.56 
5.46 2.65 
5.10 3.55 
4.83 1.29 
4-00 4.21 
3.20 3.18 
3.11 3.66 
4.19 3.86 
3.66 4.16 
3.30 3.51 
3.85 3.11 
3.06 3.kl 
2.00 2.03 
5.24 3.16 
3.95 3.88 

AVERAGES FOR 

2 4 

NAIK URINE 

6 INOIVlOUAL 

OAYS 
1 
5 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

MEAN I T 0  OCV MEAN 

2.082 
3.413 
3.738 
3.941 
5.323 
+.144 
3.491 
3.235 
4.027 
3.555 
3.403 
3.542 
3.468 
2.016 
4.153 
3.529 

STO OEV 

0.581 

INOIVIOUAL 

DAYS 
1 
5 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

2.05 1.87 
2.60 4.99 
3.27 3.56 
3.43 3.68 
5.10 4.06 
0.00 0.00 
0.00 0.00 
2.16 3-40 
0.00 0.00 
3.15 3.25 
0.00 0.00 
3.30 3.31 
3.17 3.51 
2.29 1.99 
4.88 3.33 
4.99 2-20 

3.52 2.11 
4.74 4-01 
4.64 4.22 
3.29 2-51 
6.99 4.29 
0.00 0.00 
0.00 0.00 
2.26 3.23 
0.00 0.00 
2.83 4.09 
0.00 0.00 
2.16 2.95 
3.76 1 - 2 4  
1.24 1.68 
3.41 1.82 
1.68 1.55 

4.68 
2.70 
6.41 
6.11 
8.39 
5-16 
3.58 
3-58 
4.59 
3.95 
-0.00 

s.00 
2-69 
1.88 
2.59 
1.70 

2-35 
3-10 
3.00 
4.80 
7.94 
6.75 
5.10 
4.66 
6.01 
3.10 
-0.00 
4.18 
4.30 
2.18 
3.04 
2.56 

3.163 1.183 
3.654 0.924 1.153 

1.212 
0.182 
1.385 
0.095 
0.416 
0.386 
0.231 
0.460 
0.150 
0.211 
0.2W 
0.144 
1.059 
1.191 

AVERAGES FOR BASAL VENT. I L I M I N I  AVERAGES FOR BASIL VENT. ILfNlNI 

1 3 5 7 MEAN STO OEV INOlVlOUAL 2 4 6 8 MEAN STO OEV INOIVIOUAL 

OAVS 
1 
5 
10 
I1 
12 
13 
14 
15 
16 
11 
10 
19 
20 
21 
23 
21 

6.46 
6.92 
6.45 
6.90 
6.59 
6.76 
5.97 
6.11 
7.29 
6-77 
6.53 
6.10 
7.41 
7.49 
6.99 
6.91 

4.40 
5.24 
4.13 
5.11 
5.28 
4.37 
4.89 
5.19 
4.52 
4.99 
5.45 
4.85 
5.61 
5.11 
4.91 
4.31 

5.97 
6.40 
7.12 
1.18 
6.85 
1.12 
6.35 
6.40 
6.43 
6.15 
5.90 
6-09 
5.49 
6.20 
5.56 
6.05 

5.81 
5.64 
6.48 
6.23 
6.10 
5.96 
7.11 
6.46 
5.93 
6-65 
5.10 
5.83 
6.51 
5.40 
7.80 
5.34 

5.659 
6.051 
6.191 
6.354 
6.204 
6.052 
6.244 
6.204 
6.043 
b.139 
5.895 
5.116 
6.282 
6.220 
6.314 
5.652 

0.885 
0.154 
1.023 
0.918 
0-688 
1.221 
1.189 
0.693 
1.158 
0.814 
0.463 
0.593 
0.886 
0.897 
1.317 
1.102 

OAYS 
1 
5 
10 
I1 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
23 
21 

5.16 
6.10 
6.64 
8.13 
7.19 
5.94 
6.96 
1.01 
6.50 
1.24 
6.64 
6.41 
6.65 
7.31 
6.41 
6.48 

6.44 
5.98 
6.12 
6.01 
5.64 
5.9s 
5.91 
5.86 
5.90 
6.03 
5.39 
5-42 
5-96 
5-91 
5.10 
5.61 

6.09 
I . 20  
6.55 
6.35 
6.10 
6.49 
6-73 
6.26 
6.22 
6.31 
6.21 
5.52 
6.32 
6.54 

7.46 
6.46 
6.68 
6.65 
6.71 
7.13 
6.69 
6.64 
6.49 
6.60 
6-36 
1.10 
1.01 
5.95 
1-17 
6-03 

6.431 
6.087 
6.491 
6.799 
6.514 
6.3l5 
6.512 
6.458 
6.281 
6.594 
6.159 
6.126 
6.501 
6.440 
6.437 
6.144 

0.137 
0.665 
0.2% 
0.917 
0.650 
0.563 
0.458 
0.520 
0.283 
0.534 
0.539 
0.801 
0-474 
0.642 
0.590 
0.609 

6.46 
5.66 

AVERAGES FOR 8ASAL RESP R A l E  PER MtN AVERlGfS FOR BASAL RESP RATE PER N I N  

1NOH)IVIOUAL 1 3 5 1 HEAN SlO OEV 1NOlVIOUAL 2 4 6 8 MEAN SI0 OEV 

O A I S  
1 
5 

10 
I1 
12 
13 
14 
15 
16 
17 
I@ 
19 
20 
21 
23 
27 

14.00 
14.00 
14.00 
14.00 
14.90 
14.00 
14.00 
14.00 
16.00 
15.00 
13.00 
-0.00 
14.00 
14-00 
17.00 
12.00 

12.00 
12.00 
12.00 
12.00 
14.00 
12.00 
12.00 
12.00 
12.00 
12.00 
13.00 
10.00 
13.00 
84-00 
13.00 
11.00 

16.00 
17.00 
18.00 
1s.00 
17.00 
19.00 
11.00 
16.00 
13.00 
13.00 
12-00 
16.00 
13.00 
1k.00 
9.00 
11.00 

12.00 
U.00 
13.00 
17.00 
14.00 
10.00 
17.00 
14.00 
12.00 
17.00 
11.00 
15.00 
14.00 
11.00 
14.00 
11.00 

13.500 
13.750 
14.250 
15.250 
14.750 
13.750 
15.000 
14.000 
13.250 
14.250 
12.230 
13.667 
13.500 
13.250 
13.250 
12.750 

1.915 
2.363 
2.630 
2.754 
1.100 
3.862 
2.449 
1.633 
1.693 
2.217 
0.957 
3.215 
0.571 
1.500 
3.304 
2.872 

OAYS 
1 
5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
21 

13.00 
13.00 
13.00 
13.00 
13.00 
11.00 
13.00 
16.00 
12.00 
13.00 
13.00 
12.00 
13.00 
13.00 
12.00 
13.00 

14.00 

::A 
14.00 
11.00 
14.00 
15.00 
18.00 
16.00 
16.00 
13.00 
16.00 
13.00 
14.00 
12.00 
12.00 

11.00 
16-00 
11.00 
15.00 
18.00 
14.00 
16.00 
17.00 
19100 
15-00 
16.00 
15.00 
17.00 
17.00 
13.00 
16.00 

18.00 
16.00 
15.00 
15-00 
LZ.00 
16.00 
16-00 
15-00 
16.00 
11.00 
13.00 
17.00 
15.00 
15.00 
15.00 
16.00 

15.500 
14.150 
11.150 
14.250 
13.500 
13.750 
15.000 
16.500 
15.750 
15.250 
13.750 
lS.000 
14.500 
14.750 
13.000 
14.250 

2.380 
1.500 
1.708 
0.951 
3.109 
2.062 
1.414 
1.291 
2.872 
1.708 
1.500 
2.160 
1.915 
1.708 
1.414 
2.062 
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INOIVIOi lAL 

DAYS 
1 
5 

10 
11 
1 2  
13  
14  
15 
16 

18 
19  
20 
21 
23 

17 

27 

AVERAGES FOR BASAL TRUE OXYGEN I 

1 3 5 1 

4.44 4.31 4.29 4.35 

4.18 4.62 3.81 4.58 
4.59 4.34 3-76 8.98 
4.46 4.21 W-TJ 4.34 
4-38 4.37 Rn48 4.28 

4.57 3.73 3.68 4.74 

4.93 4.50 ma ‘3.72 
4.62 6-27 4.m 
3.66 h.61 %a6 %‘.a 
4.48 4.U 3-69 *.Ob 
4.48 4.39 $ 4 . ~  

4.53 4.06 3.72 6.52 

4.69 4.41 4.14  4.77 

4.68 4.24 3.82 4.30 
4.48 3.88 4.08 4.22 

4.51 4.50 4.64 3.98 

, PCT 1 

MEAN 

4.362 
4.180 
4.291 
4.167 . 4.185 

‘ 4.155 . . 4.221 
4.151 

* 4.115 
4.080 
4.350 
4.260 
4.165 
4.207 
4.422 
4.502 

STO OEV I N D I V I D U A L  

DAYS 
0.062 1 

5 
10 

0.553 
0.381 
0.369 11 
0.320 12  
0.319 13  
0.590 1 4  
0.431 15 
0.449 16 
0.291 17 

18 
19  

0.212 

20 
0.352 
0.252 

21 
23 

0.392 
0.300 

27 0.287 

AVERAGES FOR BASAL TRUE OXYGEN 1PCTI  

2 4 6 8 UEAN STD DEV 

4.30 4.48 4.08 4.21 6.267 0.168 
3.87 4.68 4.33 4.21 4.272 0.334 
4.12 4 - 7 4  4.16 4.56 4.395 0.304 
3.59 4.42 3.96 4.51 4.120 0.428 
3.77 4.26 3.82 4.59 4.110 0.388 
4.54 4.09 4-01 3.83 4.117 0.302 
4.03 4.28 3.82 4.16 4.072 0.197 
3.50 4.17 3.83 4.14 3.910 0.314 
4.03 4.28 3.13 4.23 4.067 0.250 

3.965 0.234 3.61 4.22 3.91 4.06 
3.68 4.53 3.69 4.02 3.980 0.399 

3.75 4.13 3.85 3.87 3.900 0.162 
3-96 4.39 4.02 4.42 4.191 0.241 

4.081 0.290 3.88 4-51 3.92 4.04 
4.21 4-62 3.86 3.94 4.151 0.343 

4.05 4.39 3-98 3.73 4.037 0.272 

AVERAGES FOR BASAL R Q AVERAGES FOR BASAL R 9 

I N D I V I D U A L  1 3 5 7 MEAN STD OEV INOIVlDUAL 2 4 6 8 UEAN STO OEV 

DAYS 
1 
5 

10 
11 
12 
13 
14 
15 
16 

18 
19  
20 
21 
23 

17 

27 

0.82 
0.78 
0.80 
0.19 
0.81 
0.80 

0.84 
0.89 

0.19 

0.75 

0.70 

0.70 
0.79 
0.77 
0.75 
0.71 

0.68 
0.85 
0.19 

0.80 
0.75 

0.74 
0.79 

0.76 
0.75 

0.72 
0.76 
0.76 
0.79 

0.69 

0.15 

0.65 

0.71 
0.82 
0.85 
0.76 
0.16 
0.76 
0.78 

0.87 

0.89 
0.95 

0.84 
0.89 
0.91 
0.90 
0.86 
0.75 

0.76 
0.75 
0.79 

0.87 

0.86 
0.89 

0.92 
0.88 
0.92 
0.92 
0.87 
0.91 
0.89 
0.78 
0.87 
0.76 

0.742 
0.800 
0.807 
0.190 
0.815 
0.792 
0.810 
0.825 
0.880 
0.810 
0.812 
0.805 

0.802 
0.817 
0.132 

0.837 

0.061 
0.044 
0.029 
0.050 
0.054 
0.057 

0.093 
0.084 
0.102 
0.053 
0.110 
0.074 
0.066 
0.051 
0.056 

0.075 

QAYS 
1 0.85 
5 0.80 

10 0.92 
11 0.89 
12 0.82 

14  0.80 
15 0.92 

13 0.74 

16 0.72 
17 0.87 
18 0.84 
19 0.82 
20 0.83 

23 0.83 
27 0.88 

21 0.17 

0.86 
0.16 
0.73 
0.78 
0.77 
0.74 

0 . 7 7  
0.71 

0.81 

0.82 
0.15 
0.15 
0.82 

0.16 
0.82 

0.78 

0.66 
0.73 
0.74 
0.11 
0.73 
0.75 
0.77 
0.87 
0.85 
0.89 
0.84 
0.80 
0.83 
0.88 

0.81 
0.87 

0.13 

0.15 
0.19 
0.85 
0.93 

0.79 

0.87 
0.86 
0.93 
0.90 
0.90 
0.98 
0.96 
0.78 
0.75 
0.86 

AVERAGES FOR BASAL OXYGEN CON L l H l N  AVERAGES FOR BASAL OXYGEN CON L l M I N  

lNOlVlOUAL 1 3 5 r WEAN STO OEV I N D I V I D U A L  2 4 6 8 UEAN STO OEV 

DAYS 
1 
5 

10 
11 
12 
13 
14  
15 
16 

18 

20 
21 
23 
21 

17 

19 

0.29 
0.32 
0.21 
0.32 
0.29 
0.30 
0.29 
0.31 

0.30 
0.29 
0.29 
0.33 
0.34 
0.32 
0.32 

0.27 

0.19 
0.20 
0.22 
0.22 
0.22 
0.19 
0.22 
0.22 
0.21 
0.21 
0.24 
0.20 
0.22 
0.23 
0.22 
0.19 

0.26 
0.24 
5.P7 
o.& 
0.fC 
0.25 
0.2% 
0.23 
0.25 
0.23 
0.24 
0.23 
0.22 
0.23 
0.26 
0.25 

9 .25  

0.3’0 
0 .27  

v.e5 
a.2.r 
0.25 
0.29 

0.25 
0.26 
0.26 
0.25 
0.28 
0.25 
0.31 
0.25 

0.27 

0.247 
0.253 
0.264 
0.264 
0.259 
0.249 
0.260 
0.258 
0.245 
0.250 
0.256 
0.243 
0.263 
0.262 

0.255 
0.271 

0.040 
0.051 
0.033 
0.040 
0.030 
0.044 

0.042 
0.024 
0.041 
0.026 
0.034 
0.053 
0.052 
0.046 
0.055 

DAYS 
1 
5 

10 
11 
12 
13  
14 
15  
16 
11 
18 
19 
20 
21 
23 
27 

0.25 
0.26 

0.29 
0.21 

0.28 
0.25 
0.26 

0.24 
0.26 
0.25 
0.29 
0.25 

0.27 

0.27 

0.27 

0.27 

0.29 
0.28 
0.29 

0.24 
0.24 
0.25 
0.24 
0.25 
0.25 
0.24 
0.24 
0.25 
0.26 

0.26 

0.27 

0.26 

0.25 
0.22 

0.25 
0.26 
0.26 
0.26 
0.24 
0.23 
0.25 
0.23 
0.22 
0.24 
0.26 
0.25 
0.22 

0.27 

0.31 
0.21 
0.30 
0.30 
0.31 

0.28 
0.21 
0.21 
0.28 
0.25 

0.27 

0.27 
0.27 
0.26 
0.29 
0.27 

0.275 

0.278 

0.267 

0.259 
0-285 

0.269 
0.261 

0.252 
0.255 
0.261 
0.243 
0.246 
0.253 
0.269 
0.262 
0.255 

0.032 
0.024 
0.016 
0.022 
0.030 
0.014 
0.014 
0.016 
0.018 
0.013 
0.010 
0.021 
0.014 
0.014 
0.019 
0.025 

AVERAGES FOR BAShL RET ML 0-2 U l N  KG AVERAGES FOR BASAL UET UL 0-2 M I N  UG 

I N D I V I D U A L  1 3 5 1 UEAN STO OEV INDIVIDUAL 2 4 6 8 MEAN STO DEV 

DAYS O A V C  
1 3.50 3.04 3.83 3.65 
5 3.91 3.09 3.65 3.95 

10  3.33 3.48 4.03 4.39 
11 3.89 3.54 4.05 3.65 
12 3.64 3.59 3.86 3.91 
13 3.62 3.05 3.80 3.74 , 
14 3.67 3.53 3.57 4.27 

17 3.78 3.28 3.49 3.81 
18 3.66 3.80 3.53 3-77 
19 3.56 3.25 3.44 3.61 
20 4.13 3.53 3.33 4.00 
2& 4.16 3.65 3.40 3.63 
23 3.94 3.45 3.76 4.54 
27 -0.00 -0.00 -0.00 -0.00 

15 3.87 3.54 3.39 3.96 
16 3.31 3.34 3.61 3.10 

3.506 0.336 
3.649 0.398 
3.807 O.+VO 
3.781 0.231 

3.761 0.347 

3.752 0.151 
3.552 0.346 

3.692 0.210 
3.505 0.201 
3.590 0.252 
3.691 0.122 
3.481 0.181 
3.768 0.399 

3.922 0.460 
0.000 0.000 

3.710 0.320 

1 3.53 4.14 4.13 3.92 3.931 0.281 
5 3.77’ 4-01 3.84 3.46 3.170 0.231 

10 3.94 4.21 4.54 3.81 4.126 0.322 
11 4.24 3.87 4.25 3.75 4.021 0.254 
12  3.94 3.44 4.34 3.91 3.908 0.369 
13  3.95 3.50 4.40 3.41 3.815 0.451 

3.910 0.425 14  4.11 3.65 4.41 3.48 
15 3.62 3.51 4.15 3.44 3.680 0.320 
16 3.80 3.64 3.95 3.43 3.704 0.221 

3.88 3-66 4.19 3.45 3.794 0.316 17 
18 3.54 3.50 3.95 3.18 3.544 0.314 
19 3.80 3.47 3.75 3-31 3.583 0.234 
20 3.61 3.55 4.18 3.43 3.694 0.333 
21 4.22 3 .14  4.50 3.31 3.943 0.530 

21 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
23 3.51 3.65 4.30 3.58 3.777 0.354 

AVERAGES FOR REST VENT. 1LIUINI AVERAGES FOR REST VENT. l L I H l N l  

INOIVIOUAL I 3 5 r MEAN STO OEV lNOlVlOUAL 2 4 6 8 UEAN STO OEV 

AVERAGES FOR REST RESP RATE PER U l N  AVERAGES FOR REST RESP RATE PER M I N  

1 3 UEAN STD DEV INOlVlOUAL 2 4 b 8 MEAN STD OEV INOlVlOUAL a. 1 .  
04YS 

4 
0 1 1 5  

9 
20 
22 
26 

15.150 4.031 4 16-00 16-00 14.00 18.00 16.000 1.633 
9 16.00 18.00 18.00 20.00 18.000 1.633 

16.250 0.500 20 16.00 18-00 20.00 16-00 17-500 1.915’ 
16.500 1.000 22 15.00 18.00 20.00 16.00 11.250 2.217 

11.250 2.211 16.250 0.500 26 16.00 18.00 20.00 15.00 

16.00 19.00 18.00 10.00 
16.00 18.00 16.00 14.00 i 16.000 1.633 

16.00 16.00 16-00 18.00 
16.00 17.00 16.00 16.00 

16.00 16.00 16.00 17-00 
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INOIVIWAL 

DAYS 
1 
9 

20 
22 
26  

INOIVIOUAL 

OAYS 
4 
9 

20 
22 
26 

INOIVIOUAL 

DAIS 
4 
9 

20 
22 
26 

~NOIVIOUAL 

DAYS 
4 
9 

20 
22 
26 

INOIVIDUAL 

DAYS 
10 
12 
15 
19 
2 1  
2 1  

INDlYlDUAL 

OAYS 
10 
12 
15 
19  
2 1  
2 1  

INDIVIDUAL 

DAYS 
10 
12 
15 
19 
2 1  
2 1  

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
2 1  

INO1VlOUAL 

DAYS 
10 
12 
15 
19 
21 
2 1  

AVERAGES FOR REST TRUE OXYGEN lWT1 

1 3 5 1 

4.04 3.17 4.35 4.47 
4.03 4.04 4.08 4-69 

-0.00 -0.00 3.18 3.90 
4.21 4-06 4.11 3.16 
4-31 3.89 4.62 2-06 

AVERAGES FOR REST I a 
I 3 5 7 

0.95 0.86 0.68 0.77 
0.85 0.18 0.84 0.11 

-0.00 -0.00 0.86 0.84 
0.14 0.81 0.94 0.78 
0.17 0.85 0.14 -0.00 

AVERAGES FOR REST OXYGEN COW. L/NIN 

I 3 5 7 

0.33 0.32 0.30 0.30 
0.40 0.26 0.34 0.31 

-0.00 -0.00 0.29 0.33 
0.35 0.34 0.33 0.31 
0.39 0.36 0.31 0.35 

AVERAGES FOR REST MET NL 0-2 NIN K 6  

1 3 5 1 

4-01 5-00 4.52 4.43 
4.92 4-15 5.03 5.49 

-0.00 -0.00 4.35 4.80 
5.33 4.80 4.82 4.51 
4.84 5.61 4.90 5.11 

AVERAGES FOR EXER 10 NIN VENTILATION 

1 3 5 1 

48.21 
41.56 
39.58 

40.16 
40.10 

38-79 

38.13 
32.02 
36.59 
35.11 
-0.00 
39.08 

36.94 
31-50 

32.21 
32.06 
32.44 

32.58 

32.42 
35.91 
39.86 
39.79 
38.11 
38.54 

AVERAGES FOR EXER 10 MIN RESP RATE 

1 3 5 1 

32-00 28.00 24.00 24.00 
32.00 24.00 28.00 24.00 

28.00 26.00 24.00 28.00 
28.00 28.00 24.00 28.00 

28.00 32.00 26-00 28.00 
28.00 32.00 28.00 28-00 

AVERAGES FOR EXER 10 WIN TRUE OXYGEN 

1 3 5 7 

4.92 
4.91 
5.23 
5-36 
5.50 
5.58 

4.91 
4.66 
4.82 
5.21 

-0.00 
'1.43 

4.35 
4.98 
5.40 
5.10 
5.18 
5.30 

6.10 
5.50 
5.42 
5.56 
5.51 
5.35 

AVERAGES FOR EXER i o  WIN R a 
1 3 5 7 

0.89 0.88 1.02 0.18 
0.85 0.93 0.81 0.86 
0.84 0.90 0.93 0.94 
0.84 0.02 0.95 0.98 
0.81 -0.00 0.95 0.81 
0.80 0.84 0.81 0.85 

AVERAGES FMI lXER 10 NIN OXYGEN CONS- 

1 3 5 7 

2.09 
t.82 
1.84 
1.82 
1-97 
2.02 

1-69 
1.33 
1-56 
1.64 

4.00 
1.53 

L 4 k  
1.61 
1-56 
1.45 
1.48 
l.!p 

1-16 
1-16 
1.93 
1-97 
1-92 
1.83 

UEhN 

k.157 
1.160 
3.840 
6.035 
5.235 

MEAN 

0.815 

0.850 
0.817 
0.781 

0.810 

NEAN 

0.309 
0.343 
0.310 
0.324 
0.360 

MEAN 

4.504 
4.902 
4.511 
4.616 
5.129 

UEAN 

19.090 
16.161 
17.152 
16.505 
17.171 
11.690 

MEAN 

!?A00 
!1.000 
'7.000 
!6.500 
!8.500 
'9.000 

MEAN 

5.010 
5.027 
5.211 
5.301 
5.411 
5.165 

MEAN 

0.892 
0.870 
0.902 
0.897 
0.851 
0.840 

MEAN 

1.141 
1.645 
1.723 
1.121 
1.190 
1-727 

510 DEV 

0.316 
0.221 
0.085 
0.194 
0.325 

570 DEV 

0.116 
0.041 
0.014 

0.057 
0.087 

sm OEV 

0.016 
0.060 
0.023 
0.022 
0.024 

STO OEV 

0.381 
0.551 
0.315 
0.236 
0.352 

STO OEY 

6.611 
3.954 
3.389 
3.451 
4.548 
3.618 

ST0 OEV 

3.830 
3.830 
2.000 
1.915 
2.511 
2.000 

STD DEV 

0.737 
0.348 
0.278 
0.199 
0.208 
0.505 

STO OEV 

0.098 
0.041 
0.045 
0.079 
0.081 
0.029 

STO DEI  

0.267 
0.219 

0.223 
0.270 
0.239 

a.ma 

1 INOIVIOUAL 

DAYS 
4 
9 

20 
22 
26 

IMOlVIOUAL 

DAIS 
4 
9 

20 
22 
26 

INOlVlOULL 

DAYS 
4 
9 

20 
22 
26 

INOIVIOUAL 

DAYS 
4 
9 

20 
22 
26 

INOIVIOUAL 

DAYS 
10 
12  
15 
19 
2 1  
2 1  

INOIVIOUAL 

DAYS 
10 
12  
15 
19  
21 
27 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
2 1  

lNOIVlOUA1 

DAYS 
10 
12 
15 
19  
21 
2 1  

AVERAGES FOR REST TRUE OXYGEN (WT) 

2 4 6 8 

4.21 4.03 4.12 4-63 
3.92 4.14 4.01 4.11 
0.00 -0.00 3.68 4-47 

4.26 4.21 3.67 4.12 
3.95 3.97 3.58 4 4 4  

INOIVIDUAL 

o r i s  
10 
12 
15  
19 
2 1  
27  

AVERAGES FOR REST R a 
2 4 6 8 

0.87 0.81 0.15 0.16 

-0.00 -0.00 0.85 0.17 
0.86 0.81 0.92 0.80 
0.19 0.11 0.85 -0.00 

0.86 0.79 0.82 0.71 

AVERAGES FOR REST OXYGEN COW. U N I N  

2 4 6 8 

0.3k 0.34 0.30 0.36 
0.35 0.32 0.32 0.36 

0.32 0.37 0.29 0.36 
0.36 0.33 0.31 0.31 

-0.00 -0.00 0.28 0.34 

AVERAGES FOR REST MET MI. 0-2 WIN KG 

2 4 6 8 

4.98 4.94 4.95 4.52 
5.05 4.66 5.35 4.50 

-0.00 -0.00 4.83 4.31 
4-51  5.30 4.98 4.53 
5-31 4.18 5.29 4-69 

MEAN STO OEV 

MEAN STD OEV 

0.191 0.055 
0.810 0.039 
0.810 0.057 
0.862 0-049 
0.803 0.042 

WEAN STO OEV 

MEAN STD OEV 

4.848 0-218 . . . . . _. 
4.890 0.384 
4.511 0.312 
4.845 0.362 
5.001 0.346 

AVERAGES FOR EXER 10 NIN YENTILATION 

2 4 6 8 UEAN STO OEV 

31.61 2P.60 31.98 39.34 33.148 4.261 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
33.68 30.14 31.14 21-84 3o.aoo 2.452 
33.00 30.00 3i.54 32.18 31.680 1.269 

AVERAGES FOR EXER i o  nin RESP RATE 

2 4 6 8 MEAN STO OEV 

28.00 
-0.00 
-0.00 
-0.00 
32.00 
28.00 

26.00 
-0.00 
-0.00 
-0.00 
28.00 
28.00 

32.00 
-0.00 
-0.00 
-0.00 
28.00 
28.00 

32.00 
-0.00 
-0.00 
-0.00 

28.00 
2a.m 

29.500 
0.000 
0.000 
0.000 

29.000 
28.000 

3.000 
0.000 
0.000 
0.000 
2.000 
0.000 

AVERAGES FOR EXER 10 WIN TRUE OXYGEN 

2 4 6 8 MEAN STO DEV 

4.945 0.206 5.12 5-05 4.65 4.97 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 

0.000 0.000 -0.00 -0.00 -0.00 -9.00 
5.00 5-19 4-76 5 .m 5.137 n-925 ..- -.-. _ _ _ _ _  
4.38 5.18 4.92 5-13 4i.902 0.366 

AVERAGES FOR EXER IO NIN R a 
2 4 6 8 WEAN STO OEV 

0.80 0.88 0.87 0.86 0.852 0.036 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 0.000 
-0.00 -0.00 -0.00 -0.00 0.000 a.ooo 

0.95 0.87 0.85 0.84 0.871 0.050 
0.86 0.90 0.99 0.86 0.902 0.061 

AVERAGES FOR EXER 10 NIN OXVGEN CoI(S- 

2 4 6 8 MEAN STO OEV 

1.420 0.238 
0.000 0.000 

1.42 1.33 1-10 1-74 

-0.00 -0.00 -0.00 -0.00 0.000 0.000 
0.000 0-aoo 
i.3ni 0.017 

-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 

1.50 1.40 1-32 1.39 
1.28 1.41 1.39 1-47 

1.407 0.067 



INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

INOIVlOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

DAYS 
10 
12 
15 
19 
21 
27 

INOIVIDUAL 

OAV's 
10 
12 
15 
19 
21 
27 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
21 

INOIWIOUAL 

DAYS 
10 
12 
15 
1. 
21 
27 

O A I S  
10 
12 
15 
19 
21 
21 

AVERAGES FOR EX 10- NL 0-2 H I N  K 6  

1 3 5 7 

25.74 26.81 21.36 25-93 
22.61 21.55 25.28 25.94 
22.72 24.92 23.28 28.40 
22.69 26.14 21-44 28.80 
24.14 -0.00 21.77 28.14 
-0.00 -0.00 -0.00 -0.00 

AVERAGES FOR EXER 20 H I N  VENTILATION 

1 3 5 7 

50.10 44.91 43.24 37.78 
44-66 35.46 41.90 41.68 
43.56 42.68 36.64 43.72 
39.58 37.59 38.32 43.54 
43.88 37.60 33.30 41.72 
41.78 42-60 36.14 43.20 

AVERAGES FOR EXER 20 U I N  RESP RATE 

1 3 5 7 

32.00 32.00 28.00 28.00 
30.00 32.00 32.00 24.00 
30.00 32.00 28.00 26.00 
24.00 24.00 28.00 26.00 
s 8 . m  ~0.00 28.00 28.00 _ _ _ _ _  
30.00 52.00 16.00 28-00 

AVERAGES FOR EXER 20 U l N  TRUE OXYGEN 

1 3 5 7 

4.94 4.40 4.60 5.40 
4.85 4.95 4.78 4.99 
5.00 4.50 5.05 5.10 
5.30 4.98 4.90 5.20 
5.10 4.51 5.04 5.20 
5.45 4.41 5.04 5.14 

AVERAGES FOR EXER 20 U I N  R Q 

1 3 5 7 

0.87 0.91 0.91 0.83 
0.86 0.86 0.86 0.93 
0.85 0.92 0.96 0.94 
0.83 0.86 0.95 0.92 
0.86 0.93 0.94 0.85 
0.81 0.84 0.87 0.90 

AVERAGES FOR EXER 20 H I N  OXYGEN CONS. 

1 3 5 7 

2-16 1-75 1.76 1.81 
1.90 1.57 1.16 1.84 
1.92 1.69 1.64 1.98 
1.83 1.65 1.64 2.00 
1.98 1.52 1.49 1-92 
2-01 1-64 1.62 1.96 

AVERAGES FOR EX 20- wL 0-2 HIN KG 

1 3 5 1 

26.73 27-76 26.18 26.66 
23-60 25-47 26-64 27.15 

ZZ-M 26-29 24.19 29.26 
24.U 23-86 21.92 28.16 

23-74 21-01 24.30 29.15 

-0.00 -0.00 -0.00 -0.00 

AVERAGES FOR EXER 30 WIN VENTILATION 

1 3 5 7 

47-11 43.51 42.43 37-86 
43.29 34.46 41.06 40-92 
41.81 43.34 35.25 40-91 
3a.45 35.33 36-42 45.50 
40.08 w.53 41.43 39.34 
41-40 42.17 36.10 40.33 

MEAN 

24.962 
23.843 
24.831 
24.767 
24.684 

0.000 

UEAN 

44.007 
40.925 
41.650 
39.797 
39.125 
40.930 

MEAN 

30.000 
29.500 
29.000 
25.500 
28.500 
29.000 

UEAN 

4.835 
4.892 
4.912 
5.095 
4.962 
5.010 

LEAN 

0.880 
0.871 
0.917 
0.890 
0.895 
0.855 

REAN 

1-870 
1.769 
1.801 
1.781 
1.726 
1.806 

WEAN 

26.832 
25.713 
26.070 
25.648 
24.548 
0.000 

MEAM 

42.742 
39.932 
40.327 
38.925 
40.545 
40.000 

STO OEV 

2.443 
2.102 
2.555 
3.339 
3-220 
0.000 

STO OEV 

5.076 
3.887 
3.371 
2.652 
4.616 
3.246 

STO OEV 

2.309 
3.186 
2.582 
1.915 
1.000 
2.582 

STO OEV 

0.438 
0.095 
0.278 
0.186 
0.309 
0.436 

STO OEV 

0.038 
0.035 
0.048 
0.055 
0.047 
0.039 

STO DEV 

0.198 
0.143 
0.166 
0.171 
0.259 
0-207 

ST0 DEV 

0.663 
1.570 
2.494 
2.798 
2.612 
0.000 

STO OEV 

3.835 
3.806 
3.530 
4.570 
0.885 
2.707 

IHOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
27 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
27 

I N D I V I D U A L  

OAYS 
10 
12 
15 
19 
21 
27 

INOlVlOUAL 

OAYS 
10 
12 
15 
19 
21 
21 

INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
27 

I N D l V I O U A L  

OAVS 
10 
12 
15 
19 
21 
27 

AVERAGES FOR EX IO- HL 0-2 N I N  KG 

2 4 6 8 

20.56 19.32 19.71 21.81 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
21.84 20.00 22.91 17.49 
-0.00 -0.00 -0.00 -0.00 

AVERAGES FOR EXER 20 U I N  VENTILATION 

2 4 6 8 

36.12 33.40 34.18 41.12 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
36.84 33.16 33.60 31.60 
34.46 33.42 31.32 35.44 

AVERAGES FOR EXER 20 H I N  RESP RATE 

2 4 6 8 

28.00 30.00 28.00 30.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
32.00 28.00 30.00 28.00 
28.00 30.00 28.00 28-00 

AVERAGES FDR EXER 20 H I N  TRUE OXYGEN 

2 4 6 8 

5.05 4.95 4.53 4.98 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
4.88 5.13 4.77 5.43 
4.85 5-30 4-90 5.30 

AVERAGES FOR EXER 20 U I N  R Q 

2 4 6 8 

0.81 0.87 0.88 0.86 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 

0.87 0.89 0.98 0.81 
0.86 0.84 0.86 0.87 

AVERAGES FOR EXER 20 WIN OXYGEN CONS. 

2 4 6 8 

1.60 
-0.00 
-0.00 
-0.00 
1-59 
1.57 

1-47 
-0.00 
-0.00 
-0.00 
1.52 
1.57 

1.31 
-0.00 
-0.00 
-0.00 
1.42 
1.37 

1.82 
-0.00 
-0.00 
-0.00 
1.52 
1.67 

AVERAGES FOR EX 20- n L  0-2 HIN KG 

2 4 6 8 

23.04 
-0.00 
-0.00 
-0.00 
23.23 
-0.00 

21.34 
-0.00 
-0.00 
-0.00 
21.64 
-0.00 

22.80 
-0.00 
-0.00 
-0.00 
24.40 
-0.00 

22.74 
-0.00 
-0.00 
-0.00 
19.13 
-0.00 

AVERAGES FOR EXER 30 H I N  VENTILATION 

2 4 6 8 

36.88 34.14 34.38 39.28 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
34.02 33-49 34.56 33.53 
36.33 34.92 32.40 34.38 

MEAN 

20.353 
0.000 
0.000 
0.000 
20.560 
0.000 

UEAN 

36.205 
0.000 
0.000 
0.000 
33.800 
33.660 

UEAN 

29.000 
0.000 
0.000 
0.000 
29.500 
28.500 

MEAN 

4.871 
0.000 
0.000 
0.000 
5.052 
5.087 

UEAN 

0.855 
0.000 
0.000 
0.000 
0.887 
0.857 

UEAN 

1-563 
0.000 
0.000 
0.000 
1.515 
1.544 

UEAN 

22.482 
0.000 
0.000 
0.000 

22.104 
0.000 

MEAN 

36.170 
0.000 
0.000 
O.OG0 
33.900 
34.557 

ST0 OEV 

1.103 
0.000 
0.000 
0.000 
2.376 
0.000 

STO OEV 

3.470 
0.000 
0.000 
0.000 
2.201 
1.765 

STO OEV 

1.155 
0.000 
0.000 
0.000 
1.915 
1.000 

STO OEV 

0.235 
0.000 
0.000 
0.000 
0.293 
0.246 

STO OEV 

0.031 
0.000 
0.000 
0.000 
0.010 
0.013 

STO DEV 

0.195 
0.000 
0.000 
0.000 
0-070 
0.124 

STD OEV 

0.711 
0.000 
0.000 
0.000 
2.281 
0.000 

STO OEV 

2.415 
0.000 
0.000 
0.000 
0.502 
1.626 



AVERA6ES FOR EXER 30 U I N  RESP RATE 

1 3 5 7 UEAN 

AVERAGES FOR EXER 30 U I N  RESP RATE 

STO OEV INOIVIOUAL 2 4 6 8 REAN STD OEV INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27 

1.633 
1.915 
1.915 
0.000 
2.000 
1.000 

DAYS 
10 
12 
15 
19 
21 
27 

28.00 
-0.00 
-0.00 
-0.00 
28.00 
28.00 

32.00 
-0.00 
-0.00 
-0.00 
28.00 
30.00 

30.00 
-0.00 
-0.00 
-0.00 
30.00 
28.00 

28.00 
-0.00 
-0.00 
-0.00 
28.00 
26.00 

29.500 
0.000 
0.000 
0.000 
28.500 
28.000 

1.915 
0.000 
0.000 
0.000 
1.000 
1.633 

32.00 
30.00 
30.00 
28.00 
28.00 
28.00 

30.00 
32.00 
32.00 
28-00 
32.00 
30.00 

30.00 
32.00 
28.00 
28.00 
28.00 
28.00 

28.00 
28.00 
2B.00 
28.00 
29.00 
28.00 

30-000 
30.500 
29.500 
28.000 
29.000 
28.500 

AVERAGES FOR EXER 30 M l N  TRUF OXYGEN 

1 3 5 7 

5.00 4.44 4.70 5.41 

AVERAGES FOR EXER 30 MfN TRUE OXYGEN 

2 4 6 8 UEAN STO OEV OEV INOIVIOUAL I N O I V I D U A L  MEAN 

4.887 
4.917 
4.927 
5.140 
5.050 
5.022 

MEAN 

0.837 
0.857 
0.907 
0.867 
0.882 
0.845 

UEAN 

1.858 
1.753 
1.142 
1.760 
1.814 
1.769 

MEAN 

26.711 
25.509 
25.170 
25.372 
25.934 

0.000 

MEAN 

59.750 
59.000 
59.750 
65.000 
60.000 
60.000 

UEAN 

DAYS 
10 
12 
15 
19 
21 
27 

4.91 4.97 4.78 5.01 
4.95 4.49 5.06 5.21 
5.32 5.21 4.88 5.15 
5.20 4.54 5.13 5.33 
5.22 4.49 5.17 5.21 5.85 5.08 5-05 k I i 3  

AVERAGES FOR EXER 30 M I N  R Q 

1 3 5 7 
AVERAGES FOR EXER 30 M I N  R Q 

INOIVIOUAL 2 4 6 8 MEAN STO OEV 
STO OEV INOlVIOUAL 

DAYS 
10 
12 
15 
19 
21 
27 

0.85 0.87 0.82 0.81 

0.85 0.91 0.95 0.92 
0.80 0.81 0.95 0.91 
0.87  0.90 0.94 0.82 
0.84 0.84 0.83 0.87 

0.83 0.84 0.85 0.91 
0.028 
0.036 
0.042 
0.074 
0.051 
0.017 

DAYS 
10 
12 
15 
19 
21 
27 

0.83 0.86 0.83 0.84 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
-0.00 -0.00 -0.00 -0.00 
0.85 0.89 0.97 0.84 
0.86 0.86 0.83 0.84 

0.840 0.014 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.887 0.059 
0.847 0.015 

AVERAGES FOR EXER 30 U I N  OXYGEN CWS. AVERAGES FOR EXER 30 M I N  OXYGEN CONS. 

1 3 5 7 INDIVIOUAL STO OEV 

0.150 
0.113 
0.124 
0.224 
0.118 
0.130 

INOIVIOUAL 2 

1.55 
-0.00 
-0.00 
-0.00 
1.54 
1.56 

4 

1.44 
-0.00 
-0.00 
-0.00 
1.52 
1.56 

6 

1.49 
-0.00 
-0.00 
-0.00 
1.47 
1.45 

8 

1.81 
-0.00 
-0.00 
-0.00 
1.63 
1.67 

MEAN STO OEV 

1-572 0.166 
0.000 0.000 
0.000 0.000 
0.000 0.000 
1.538 0.069 
1-560 0.086 

OAYS 
10 
12 
15 
19 
21 
27 

DAYS 
10 
12 
15 
19 
21 
27 

2.06 1.71 
1.87 1.61 
1.82 1.72 
1.79 1.64 
1.88 1.64 
1-91 1.66 

1-85 1.81 
1.73 1.81 
1.58 1.85 
1.55 2.06 
1-89 1.86 
1.66 1.85 

AVERAGES FOR 

1 3 

EX 30- UL 0-2 U I N  UG 

5 7 

27.55 26.10 
26.11 26-77 
23.49 27.29 
22.90 30.22 
27.75 27.19 
-0.00 -0.00 

AVERAGES FOR EX 30- 11L 0-2 11IN K 6  

2 4 6 8 MEAN ST0 OEV OEV INOIVIOUAL INOIVIOUAL 

OAYS 
10 
12 
15 
19 
21 
27L 

0.888 
1.622 
2.522 
3.651 
2.123 
0.000 

OAYS 
10 
12 
15 
19 
21 
27 

22.42 
-0.00 
-0.00 
-0.00 
22.42 
-0.00 

20.83 
-0.00 
-0.00 
-0.00 
21.63 
-0.00 

24.87 
-0.00 
-0.00 
-0.00 
25.12 
-0.00 

22.64 
-0.00 
-0.00 
-0.00 
20.50 
-0.00 

22.692 
0.000 
0.000 
0.000 
22.419 
0.000 

1.661 
0.000 
0.000 
0.000 
1.968 
0.000 

25.48 27.11 
23.13 26-03 
22.54 27.36 
22.23 26.14 
22.99 25.80 
-0.00 -0.00 

AVERAGES FOR HEART RATE AH RESTING 

1 3 5 7 STO DEV I N D I V I D U A L  

OAYS 
11 
13 
14 
16 
I T  
18 

54.00 
54.00 
51.00 
60.00 
56.00 
48.00 

61.00 
52.00 
64.00 
60.00 
60.00 
56.00 

64.00 
58.00 
60.00 
64.00 
64.00 
60.00 

60.00 
72.00 
64.00 
76.00 
60.00 
76.00 

4.193 
9.018 
6.131 
7.572 
3.266 
11.776 

AVERAGES FOR HEART RATE AU 10 M I N  EX 

STO OEV INOIVIOUAL 2 4 6 8 UEAN STO OEV 
AVERAGES FOR HEART RATE AM 10 U I N  EX 

1 3 5 7 INOIVIOUAL 

OAYS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
27 

23.515 
9.394 
10.630 
13.769 
10.874 
5.058 
6.000 
6.000 
13.216 
16.523 
8.386 
10.720 

DAYS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
27 

108.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
142.00 
108.00 

135.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
124.00 
115.00 

133.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
140.00 
125.00 

125.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
116.00 
116-00 

125.250 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

130.500 
116.000 

12.285 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
12.583 
6.976 

116.00 
121.00 
122.00 
121.00 
119.00 
132.00 
124.00 
132.00 
108.00 
112.00 
108.00 
106.00 

163.00 
142.00 
132.00 
144.00 
140.00 
140.00 
136.00 
164.00 
140.00 
152.00 
128.00 
131.00 

145.00 
132.00 
140.00 
120.00 
140.00 
135.00 
132.00 
132.00 
124.00 
134.00 
120.00 
123.00 

115.00 
124.00 
116.00 
112.00 
124.00 
128.00 
124.00 
132.00 
128.00 
128.00 
122.00 
125.00 

134.750 
129.750 
127.500 
124.250 
130.750 
133.750 
129.000 
135.000 
125-000 
131.500 
119.500 
121.250 

AVERAGES FOR HEART RATE A11 20 MEN EX AVERAGES FOR HEART RATE AM 20 N I N  EX 

STO OEV INOIVIOUAL 2 4 6 8 WEAN STO OEV 1 

126.00 
123.00 
130.00 
123.00 
122.00 
135.00 
134.00 
125.00 
112.00 
112.00 
112.00 
107.00 

5 

148.00 
138.00 
148.00 
128.00 
144.00 
135.00 
132.00 
136.00 
132.00 
136.00 
120.00 
126.00 

3 

171.00 
156.00 
169.00 
148.00 
148.00 
160.00 
144.00 
156.00 
144.00 
144.60 
142.00 
138.00 

7 MEAN INOIVIOUAL 

DAYS 
22.603 10 112.00 143.00 133.00 125.00 128.250 13.099 
13.574 11 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
19.365 12 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
11.701 13 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
12.477 14 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
12.342 15 -0.00 -0.00 -0.00 -0.00 0.000 0.000 

9 . 8 I P  16 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
15.100 17 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
13.466 18 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
15.144 19 -0.00 -0.00 -0.00 -0.00 0.000 0.000 
12.754 21 114.00 132.00 147.00 119.00 135.500 12.767 
13.038 27 113.00 123.00 130.00 115.00 120.250 7.805 

DAYS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
27 

122.00 141.750 
136.00 138.250 
127.00 143.500 
124.00 130.750 
128.00 135.500 
136.00 151.500 
120.00 132.500 
124.00 135.000 
124.00 128.000 
144.00 134.000 
122.00 124.000 
129.00 125.000 

122.00 141.750 
136.00 138.250 
127.00 143.500 
124.00 130.750 
128.00 135.500 
136.00 151.500 
120.00 132.500 
124.00 135.000 
124.00 128.000 
144.00 134.000 
122.00 124.000 
129.00 125.000 



AVERAGES FOR HEART R A l E  AM 30 M I N  E l  

TNDtVIOUAL 

DAYS 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
21 
21 

INOIVIOUAL 

D A I S  
11 
12 
13 
14 
15 
16 
11 
18 
19 

INOIVlOUAL 

DAYS 
11 
12 
13 
14 
15 
16 
11 
18 
19 

lNOlVIOUAL 

DAYS 
11 
12 
13 
14 
15 
16 
17 
18 
19 

INOIVIOUAL 

DAYS 
11 
12 
13 
14 
15 
16 
17 
18 
19 

INOlVIOUAL 

DAYS 
5 
10 
20 
26 

INOIVIOUAL 

DAYS 
1 
9 
20 
26 

INOlVIOUAL 

OAYS 
9 

306 

lNOIVIOUAL 

DAYS 
1 
9 

20 
26 

AVERAGES FOR HEART RATE AM 30 M I N  EX 

1 3 5 7 

124.00 170.00 126.00 125-00 
125.00 154-00 138.00 136.00 
132.00 110.00 148.00 125.00 
125.00 156.00 122.00 128.00 
122.00 156.00 132.00 134.00 
134.00 164.00 136.00 132.00 
124.00 160.00 132.00 12k-00 
136.00 160.00 150.00 136.00 
116.00 1kLOO 128.00 126r00 
112.00 1k0.00 134.00 144&0 
116.00 ItO.00 122.00 128.08 
109.00 140.00 128.00 125.00 

AVERAGES FOR HEART RATE PM RESTING 

1 3 5 1 

60.00 64.00 64.00 68.00 
60.00 60.00 68.00 6k.00 
60.00 52-00 64.00 64.00 
64.00 52.00 56.00 60.00 
61-00 60.00 72.00 68.00 
64.00 65-00 12.00 60.00 
56.00 56.00 68.00 68.00 
52.00 64.00 64.00 60.00 
60.00 56.00 12.00 68.00 

AVERAGES FOR HEART RATE PM 10 H I N  EX 

1 3 5 1 

118.00 138.00 136.00 124.00 
118.00 136.00 136.00 120.00 
118.00 128.00 128.00 112.00 
118.00 128.00 112.00 112.00 
116.00 144.00 128.00 120.00 
124.00 144.00 136.00 112.00 
124.00 146.00 136.00 120100 
112.00 136.00 124.00 112.00 
112.00 144.00 140.00 120.00 

AVERAGES FOR HEART R A l E  PM 20 M I N  EX 

1 3 5 7 

121.00 146.00 136.00 136.00 
121.00 143.00 136.00 132.00 
121.00 150.00 128.00 120-00 
122.00 148.00 112.00 124.00 
112.00 156.00 128.00 120.00 
134.00 156.00 140.00 112.00 
124.00 145.00 132.00 124.00 
116.OQ 144.00 132.00 116.00 
116.00 152.00 136.00 120.00 

AVERAGES FOR HEART RATE PM 30 M I N  EX 

1 3 5 7 

120.00 
120.00 
120.00 
120.00 
120.00 
128.00 
124.00 
112.00 
116.00 

150.00 
156.00 
156.00 
160.00 
160.00 
156.00 
152.00 
148.00 
156.00 

148.00 
144.00 
135.00 
132.00 
124.00 
132.00 
132.00 
132.00 
136.00 

136.00 
136.00 
120.00 
120.00 
116.00 
116.00 
124-00 
116.00 
120.00 

AVERAGES FOR K40 IENOOGI 0007 MASS 

1 3 5 7 

240.00 182.00 114.00 202.00 
220.00 148.00 144.00 143.00 
187.00 133.00 142.00 114.00 
186.00 136.00 159.00 164.00 

AVERAGES FOR L.B.U. IMMERSION I K G I  

1 3 5 1 

70.56 54.56 51.81 64.33 
10.41 54.41 56.60 62.66 
69.80 53.10 56.22 62-69 
10.08 52.92 51.65 62.86 

AVERAGES FOR LBW S K I N  FOLOS I K G I  

1 3 5 1 

12.55 54.40 59.65 61.56 
11.62 54.47 60.59 61-41 
12.60 55.54 61.28 61.43 

MEAM 

136.250 
138.250 
143.150 
132.750 
13C.000 
1k1.500 
135.000 

130.000 
132.500 
126-5QO 
125.500 

i+3.o00 

MEAN 

64.000 
63.000 
60.000 

65.250 
65.000 
62.000 
60.000 
64.000 

58.000 

MEAN 

129.000 
121.500 
121.500 
111.500 
121.000 
129.000 
131.500 
121.000 
129.000 

MEAN 

134.750 
133.000 
129.150 
126.500 
1291000 
135.500 
131.000 
121.000 
131.000 

MEAN 

138.500 
139.000 
132.150 
133.000 
130.000 
133.000 
133.000 
121.000 
132.000 

MEAN 

199.500 
163.150 
159.000 
161.250 

MEAN 

61.815 
61.035 
60.452 
60.817 

MEAN 

62.040 
62.087 
62.112 

AVERAGES FOR PERCENT BODY FAT I I U E R S I  

1 3 5 1 MEAN 

13.60 14.00 17.60 18-60 15.950 
13.80 14.20 15.50 7.90 12.850 
13.40 15.40 16.50 1.70 13.250 
14.10 17.20 15.1U 7.60 13.650 

sm OEV 

ii.955 
22.515 

19.913 
15.692 
14.329 
15.089 
11.088 
11.289 
13.266 
14.211 
10.251 
12.161 

STO OEV 

3.266 
3.830 
5.651 
5.164 
5.131 
5.033 
6.928 
5.651 
1.303 

SlO OEV 

9.592 
9.849 
7.895 
1.550 
12.383 
14.000 
11.818 
11.489 
15.449 

SlO OEV 

10.308 
9.201 
13.961 
15.264 
19.149 
18.212 
9.452 
13.614 
16.452 

STD OEV 

13.196 
15.100 
17.037 
18.868 
20.265 
16.713 
13.216 
16.452 
18.184 

STD OEV 

29.456 
31.562 
25.652 
20.516 

SlO OEV 

7.106 
1.148 
1.402 
1.357 

ST0 DEV 

1.633 
1.197 
1.139 

STD OEY 

2.521 
3.319 
3.916 
L221 

IMOIVIOUAC 

DAYS 
10 
11 
12 
13 
14 
15 
Ib 
17 
la 
19 
21 
27 

INOIVIOUAL 

DAYS 
5 
10 
20 
26 

INOtVIOUAL 

DAYS 
1 
9 

20 
26 

INOlYlOUAL 

OAYS 
9 

20 
26 

I N D I V I D U A L  

DAYS 
1 
9 
20 
26 

136 

2 

120.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
142.00 
112.00 

4 6 

150.00 132.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0;oo -0.00 
140.00 lk4.00 
124.00 131.00 

8 

125.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
-0.00 
128.00 
111.00 

AYERAGES FOR K4O IENOOGI BODY MASS 

2 4 6 8 

AVERAGES FOR L.8.M. IMMERSION 1 x 6 1  

2 4 4 8 

58-85 57-14 55.73 68.17 
59.66 51.29 54.39 61.51 
51.20 55.10 52.06 61.79 
58.12 56.25 53.11 68.74 

AVERAGES FOR LBU S U l N  FOLDS I K G I  

2 k 6 8 

61.65 60.44 53.68 69.13 
61.30 60.85 52.29 69.61 
61.21 60.90 53.00 10.60 

MEAN STO OEY 

131.150 13-124 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

138.500 7.188 
122.500 10.841 

MEAN 

187.150 
172.000 
160.150 
168.250 

MEAN 

60.122 
59.712 
58.201 
59.205 

UEAM 

61.315 
61.012 
61.443 

AVERAGES FOR PERCENT BODY FAT IIIIERSI 

2 4 6 8 REAM 

15.10 18.00 11.40 15.00 16.525 
13.925 14.10 18-00 8.30 15.30 

16.60 19.50 10.00 14.80 15.225 
15.80 19.00 8.50 15.00 14.515 

STD OEV 

15.586 
14.048 
27.464 
11.462 

SlO DEV 

5.904 
5.621 
6.146 
6.609 

si0 DEV 

6.582 
1.014 
7.199 

ST0 DEV 

1.408 
k.089 
3.985 
4.403 



INOIVIDUAL 

DAYS 
9 

20 
26 

1NOlVlOUAL 

DAYS 
9 

20 
26 

INDIVIOUAL 

DAYS 
9 

20 
26 

1NOIVIOUAL 

DAYS 
9 

20 
26 

INOlVIOUAL 

OAYS 
9 

20 
26 

I N O l V I O U A L  

DAYS 
9 

20 
26 

lNOIVIOUAL 

DAYS 
9 

20 
26 

INOlVIDUAL 

DAYS 
9 

20 
26 

INOIVIOUAL 

OAYS 
9 

20 
26 

INOIVlOUAL 

OAYS 
9 

20 
26 

INOlVlOUAL 

DAYS 
1 
V 

20 
26 

AVERAGES FOR PERCENT BODY FAT I S K  F L I  

1 3 5 1 

11.20 14.30 10.00 9.80 
10.80 13.30 10.00 9.50 
11.20 13.30 10.40 9.70 

AVERAGES FOR CIRCUM CALF tcM) 

1 3 5 1 

40.20 32.90 35.00 35-80 
39.40 33.20 35.40 34-40 
40.30 34.30 35.60 35-60 

AVERAGES FOR CIRCUU THIGH ICM> 

1 3 5 7 

54.80 48.80 49.30 45.30 
55.50 46-90 49.60 45.40 
56.50 47.10 51.50 45.60 

AVERAGES FOR cmcun UP ARM RELAX 

1 3 5 7 

29.70 24.80 25.20 24.00 
30.70 24.30 25.20 24.20 
30.50 24.60 25.40 23.50 

AVERAGES FOR CIRCUM UP ARM CONTR 

1 3 5 7 

36.70 26.80 29.80 27.80 
34-50 27.30 29.80 28.20 
35.50 27.10 30.40 28.30 

AVERAGES FOR CIRCUM CHEST icn) 

1 3 5 7 

88.50 81.40 82.10 83.00 
88.50 82.30 81.50 82.70 
88.40 82.30 82.10 82.00 

AVERAGES FOR CIRCUU W A I S T  ICH) 

1 3 5 7 

77.80 79.30 70.90 72.40 
76-90 72.30 66.80 69.80 
77.30 73.30 69.50 68.80 

AVERAGES FOR STRENGTH HANO GRIP 

1 3 5 7 

I C M I  

m i  

I K G I  

134.71 l l1.37 126.79 112.46 
1W.W u.25 1e6.79 108.05 
119.4 ll6.87 123.46 lo2.53 

AVERAGES FOR STRENGTH KNEE EXT l L 8 S l  

1 3 5 7 

zo0.w 130.w 1W.W 190.00 
l61.3? W.67 u0.W 21O.W 
193.53 153.33 186.67 240.00 

AVERAGES FOR STRENGTH PLANT F L  I L B S I  

1 3 5 1 

373.33 166.67 230.M) 286.67 
336.67 195.W 293.33 293.33 
373.33 205.00 3w.W M e 6 7  

HEAN 

11.325 
10.900 
11.150 

MEAN 

35.975 
35.600 
36.450 

MEAN 

49.550 
49.350 
50.185 

HEAN 

25.925 
26.100 
26.000 

MEAN 

30.275 
29.950 
30.325 

HEAN 

83.750 
83.750 
83.700 

MEAN 

75.100 
71.450 
72.225 

MEAN 

121.82 
m.Wl 
-4.454 

HEAN 

171.500 
179.5% 
152.503 

UEAN 

264.172 
279.579 
336.7% 

AVERAGES FOR V I T A L  CAPACITY ( L I T E R S 1  

1 3 5 7 MEAN 

5.040 
5.077 
5-057 
5.060 

5.69 3.91 4.66 5-90 
5.85 4.08 4.52 5.86 
5-97 4.09 4.42 5-75 
5.81 3.92 4.61 5-90 

sro OEV 

2.011 

1.559 
1.681 

1 

ST0 OEV 

3.011 
2.688 
2.639 

STD DEV 

3.926 
4.453 

4.905 

STO OEV 

2.566 
3.099 
3.099 

STD OEV 

4.461 
3.205 
3.710 

sro OEV 

3.234 
3.206 
3.136 

STD OEV 

4.077 
4.273 
3.919 

STO DEV 

12.l59 
9.074 
9.053 

.NDIVIOULC 

DAVS 
9 

20 
26 

INOIVIDUAL 

DAYS 
9 

20 
26 

lNOIVIOUAL 

OAVS 
9 

20 
26 

INDIVIDUAL 

DAYS 
9 

20 
26 

INOIVIDUAL 

OAYS 
9 

20 
26 

INDIVIDUAL 

DAYS 
9 

20 
26 

INOfVlOUAL 

DAYS 
9 

20 
26 

1NDIVIOUAL 

DAYS 
9 

20 
26 

STD OEV 

32.021 
43.5% 
35.743 

INDIVIOUAL 

DAYS 
9 

20 
26 

STO DEV 

87.743 
59.981 
74.053 

STD OEV 

0.928 
0.916 
0.941 
0.961 

I N O I V I O U A l  

DAYS 
9 

20 
26 

INOIVIOUAL 

OAYS 
1 
9 

20 
26 

AVERAGES FOR PERCENT BODY FAT ISK F L I  

2 4 6 8 MEAN 

11.150 
11.315 
11.450 

11.10 13.50 9.70 12-70 
11.00 12.40 9.60 12.50 
10.90 12.50 9.70 12.70 

AVERAGES FOR CIRCUW CALF I C M I  

2 4 6 8 HEAN 

33.70 33.20 32.40 36.50 33.950 
34.20 33.40 32.00 35.60 33.800 
33.80 33.20 31.40 36.30 33.675 

AYERAGES FOR CIRCUM THIGH i c w  

2 4 6 8 HEAN 

50.975 
49.750 

51.40 51.00 46.40 55-10 
50.50 49.80 44.40 54.30 
51.40 49.M) 44.40 54.90 49.925 

AVERAGES FOR CIRCUM UP ARM RELAX ICMI 

2 4 6 8 MEAN 

25.90 26.80 23.60 28.40 26.175 
26.225 
26.325 

25.70 26.50 23.20 29.50 
26.10 26.20 23.40 29.60 

AVERAGES FOR c 1 R c u n  UP ARM CONTR (cui 
2 4 6 8 MEAN 

28.90 29.40 28.20 31.40 29.475 
28.60 29.90 29.20 33.00 30.175 
29.00 30.40 28.50 33-40 30.325 

AVERAGES FOR CIRCUM CHEST I C M I  

2 4 6 8 

86-60 86.50 79-90 89.40 
82.00 85.40 78.70 90.30 
83.90 85.50 79.50 89.30 

AVERAGES FOR c I R c u n  WAIST (CHI 

2 4 6 8 

11.70 73.80 78.50 80.30 
12.80 74.30 62.80 77.50 
72.70 77.10 64.10 78.60 

AVERAGES FOR STRENGTH HAND GRIP I K G l  

2 4 6 8 

u.25 86.m u.25 Iz3.48 
ll9.07 1113.64 U.46 12.3 
116.87 U1&3 l14.M 130.U 

AVERAGES FOR STRENGTH KNEE E X 1  l L 8 S l  

2 4 6 8 

AVERAGES FOR STRENGTH PLANT F L  I L B S I  

2 4 

u3.33 lw.w 
230.00 185.67 
26.67 m.w 

AVERAGES FOR 

2 4 

6 8 

220.00 293.33 
230.w 353.33 
230.00 386.67 

V I T A L  CAPACITY ( L I T E R S 1  

6 8 

5.11 4.51 4.15 5.74 
5.21 5.05 4.18 5.64 
5-11 4.75 4.02 5.45 
5.11 5.00 4.11 5.51 

ST 

5 

UEAN 

85.600 
84.100 
84.550 

HEAN 

76.075 
11.850 
13.215 

MEAN 

U7.w 
l16.873 
ll5.766 

MEAN 

l61.67L, 
l47.933 
170.922 

MEAN 

ut.67 
m.75 
265.84 

MEAN 

4.817 
5.017 
4.832 
4.933 

0 DEV 

1.692 
1.367 
1-418 

ro OEV 

1.782 
1.506 
2.025 

TO OEV 

3.565 
4.078 
4.408 

TO OEY 

2.004 
2.591 
2.540 

sro DEV 

1.374 
1.957 
2.202 

ST0 OEV 

4.031 
4.956 
4.058 

STO DEY 

4.002 
6.344 
6.644 

STO OEV 

l5.620 
12.m 
ll.742 

STO OEV 

33.762 
ll.491 
w.w 

STO OEV 

M.76 
72.42 
88.a 

STO OEV 

0.698 
0.613 
0.612 
0.591 

/3 7 



INDIYIDUAL 

DdYS 
1 
5 

10 
11 
12 

;2 

is 19 

2 17 

20 
21 
23 
27 

1 

4a.w 
9;w 
46.00 
50.00 
44.00 
42.00 
44.04 
44.w 
50.00 
4a.w 
46.00 
44.W 
6o.W 
47.00 
44.w 
46.00 

AVFBAGES WR 

3 

50.W 
50.00 
48.00 
118.00 
52.w 
48.00 
51.00 
48.W 
46.00 
52.w 
4a.00 
53.00 
52.00 
55.00 
56.00 
53.00 

BASAL HEABT 

5 

52.03 
47.00 
49.w 
62.w 
9.00 
53.00 
49.00 
49.00 
53.w 
52.00 
51.00 
45.00 
48.00 
4a.w 
6o.w 
53.00 

55.w 
59.00 
59.w 
52.04 
49.00 
53.w 
56.00 
50.Offi 
51.00 
55.00 
50.00 
9.00 
9.00 
57.00 
52.w 

/KIN> 

WEAN STD OEV INDIYIDUAL 

DAYS 
1 
5 

10 
11 
12 
13 
14 

2 
17 
18 
19 
20 
21 
23 
27 

2 

9.M 
74.00 
60.00 
64.00 
52.00 
52.00 
58.00 
60.00 
56.00 
58.w 
58.w 
62.w 
52.00 
76.04 
R.W 
68.00 

60.00 
56.00 
60.w 
9.00 
52.00 
56.00 
56.00 
56.m 
60.00 
56.00 
9.00 
56-00 
50.w 
61.00 
6o.w 
60.w 

BASAL H m l n  

6 

4a.m 
56.00 
56.w 
9.w 
52.00 
52.00 
50.00 
52.03 
58.00 
9.w 
56.W 
48.00 
51.00 
55.04 
58.00 
51 .OD 

W E  tBEKK%'WlN) 

8 WEAN 

60.00 9.WO 

STD DEV 

-0.000 
9.m 
3.266 
4.n7 
?.OM) 
7.069 
3.416 
4.114 
3.416 
7.69 
1.915 
6.633 
6.551 
8.M 
6.191 
7 . m  

I38 



AVERAGES FOR HA URINE OUTPT I M M I O A Y I  AVERAGES FOR NA SERUM CONC. I M E O I L )  

MEAN STO OEV I N O I V I D U A L  10 12 MEAN STO OEV I N O l V I O U A L  12 

OAYS 
140.20 140.50 
144.60 136.00 
131.30 141.60 
146.40 139.50 
1kO.00 1k2.80 
135.20 136.80 
139.20 135.50 
131.00 128.10 
140.50 129.50 

140.350 0.212 
DAYS 

1 
5 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

261.62 
226.28 
254.51 
-0.00 
315.59 
352.48 
234.99 
241.51 
226.28 
308.96 
224.11 
343.78 
109.30 
189.30 
63.53 
159.27 

261.624 0.000 
226.284 0.000 
254.569 0-000 

315.k92 0.000 
352.480 0.000 
234.981 0.000 
2k1.514 0.000 
226.284 0.000 
308.961 0.000 
224.108 0-000 
3k3.771 0-000 
189.295 0.000 
189.295 0.000 
63,535 0.000 
159.269 0.000 

0.000 0.000 

1 
5 
10 
12 
15 
19 
21 
23 
21 

140.300 
139.450 
112.950 

6.081 
3.011 
4.819 

141.kOO 
136.000 
131.350 
132.850 
135.000 

1.980 
1.131 
2.616 
5.869 
7.118 

AVERAGES FOR 

10 12 

K SERUM CONC. I M E O I L )  

MEAN STO OEV I N O l V I O U A l  

OAYS 
1 
5 
10 
12 
15 
19 
21 
23 
27 

3.58 3.61 
3.16 1-74 
3.21 3.93 

3.595 
k.150 
3.510 
3.610 
3.601 
3.180 
3.980 
3.115 

0.021 
1.400 
0.509 
0.552 
0.573 
0.594 
1.004 
0.612 
0.198 

3.28 4-06 
3.20 4.01 
2.76 3.60 
3.27 4.69 
3.30 4.23 

AVERAGES FOR NA URINE RATE I U E Q I M I N I  

12 MELN STO OEV 

0.000 
0.000 
0.000 
0.000 

l N O l V I O U d L  
4.02 4.30 4.160 OAYS 

I 
5 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

185.00 
158.00 
177.00 
135.00 
220.00 
244.00 
162.00 
168.00 
156.00 
215.00 
156.00 
239.00 
131.00 
131.00 
44.00 
111.00 

185.000 
158.000 
117.000 
135.000 
220.000 
244.000 
162.000 
168-000 
156.000 
215-000 
156.000 
239.000 
131.000 
131.000 
44.000 
111.000 

AVERAGES FOR CL SERUM CONC. I M E Q I L I  

10 12 
0;000 
0.000 
0.000 
0.000 
0.000 
0.000 

INOIVIOUAL 

DAYS 

MEAN 

101.750 

STO OEV 

1.061 
1.061 
4.950 
4.243 
4.596 
0.107 
7.011 
1.061 
6.010 

102.50 101.00 
108.00 106.50 
91.50 104.50 
100.00 106.00 
101.00 107.50 
103.50 102.50 
98.00 108.00 
99.50 101.00 
98.00 106.50 

1 
5 
10 
12 
15 
19 
21 
23 
21 

101.250 
101.000 
103.000 
104.250 
103.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

io3.000 
100.250 
102.250 

AVERAGES FOR OSMOLARITY SERUM (OSMlLI  

MEAN STO OEV 10 12 
IMOIVIOUAL 

AVERAGES FOR NA URINE RATE POST EX. 

MEAN STO OEV 12 
INOlVIOUAL 

OAYS 
1 291.00 283.10 

299.10 294.00 
287.10 283.80 
292.10 281.80 
290.00 293.10 
287.10 292.50 
218.90 288.20 
282.20 217.50 
280.20 280.70 

281.050 
296.550 
285.150 
290.250 
291.550 
290.100 
283.550 
279.850 
280.450 

5.586 
3.606 
2.758 
3.465 
2.192 
3.394 
6.576 
3.323 
0.354 

DAYS 
10 
12 
15 

184.00 
-0.00 
-0.00 
180.00 
-0.00 

18ri.000 0.000 
0.000 0.000 
0.000 0.000 

180.000 0.000 
0.000 0.000 

195.000 0.000 

5 
10 
12 
15 
19 
21 
23 
a t  

iq 
21 
27 195.00 

AVERAGES FOR OSMOL POST EX SERUM 

10 12 
AVERAGES FOR K URINARY 24 HR I M E Q I L I  

10 12 MEAN STO OEV 
MEAN STO OEV 

lNOlVIOUAL 
INOIVIDUAL 

OAYS 
10 
12 
15 

290.30 214.40 
292.10 287.80 
-0.00 -0.00 

282.350 
290.250 
0.000 

284.150 
0.000 

11.243 
3.465 
0.000 
2.333 
0.000 
4.808 

DAYS 
1 
5 
9 

111.00 88.00 
63.00 68.00 
30.00 62.00 
21.00 48.00 
46.00 44-00 
-0.00 65-00 

99.500 16.263 
65.500 3.536 
56.000 22-621 
31.500 14.849 
45.000 1.414 
65.000 0.000 
51.000 0.000 
58.500 7.178 
67.000 0.000 
63.000 8.485 
59.000 0.000 
58.500 6.364 
34.000 15.556 
38.000 12.128 
10.500 31.471 
29.500 19.092 

.. 
19 
21 
21 

285.80 282.50 
-0.00 -0.00 
269.10 275.90 

10 
11 212.500 
12 .~ 
13 
14 
15 

-0.00 51.00 
53.00 64.00 
-0.00 67-00 
69.00 51.00 
-0.00 59.00 
54.00 63.00 
23.00 45.00 
29.00 41.00 
97.00 44.00 
43.00 16.00 

AVERAGES FOR CREATNINE SERUM 168 PCTI 

10 12 MEAN 
16 
11 
18 
19 
20 

STO OEV INOlVlOUAL 

DAYS 
10 
12 
15 
19 
21 
21 

0.85 0.91 
-0.00 -0.00 
-0.00 -0.00 
0.80 0.82 
-0.00 -0.00 

0.94 0.82 

0.880 
0.000 
0.000 
0.810 
0.000’ 
0.880 

0.042 
0.000 
0.000 
0.014 
0.000 

23 
26 

0.085 

AVERAGES FOR NA URINARY 24 HR IMEWL) AVERAGES FOR K URINE OUTPUT I I E Q I O A Y I  

INOlVIOUAL 10 12 HEAN STO OEV lNOIVIOUAL 12 REAN sm OEV 

OAYS 
1 
5 
9 
10 
11 

249.00 256.00 
287.00 230.00 

252.500 
258-500 
236.000 
166.500 
231.500 
251.000 
242.000 
222.500 
231.000 
2k1.000 
209.000 
266.000 
145.500 
200-500 
136.500 
126.000 

4.950 
40.305 
11.314 
48.190 
44.548 
0.000 
0.000 
2.121 
0.000 
28.284 
0.000 
k.243 
53.033 
31.kll 
55.861 
52.326 

DAYS 
1 
5 

89.51 
66.50 
63.94 
-0.00 
53.11 
86.96 
56.21 
63-95 
69.05 
63.9k 
81184 
46-04 
-0.00 
56.21 
28-13 
28.13 

89.515 0.000 
66.596 0.000 
63.939 0.000 

0.000 0.000 
53.108 0.000 
86.957 0.000 
56.266 0.000 
63.939 0.000 
69.0% 0.000 
63.939 0.000 
01.841 0.000 

228.00 244.00 
132.00 201.00 
200.00 263.00 
-0.00 257.00 
-0.00 242.00 

16 
11 
12 
13 

12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

224.00 221.00 
-0.00 231.00 

-0.00 209.00 
269.00 263.00 
108.00 183.00 
221.00 174.00 
116.00 97.00 

221.00 26i.oa 

i4 
15 
16 
17 
18 
19 
20 
23 
26 163.00 89-00 

I39 



AVERAGES FOR I URINE RATE IUEOIWINJ AVERAGES FOR osnm URINE 24 HR MO~LI 

12 WEAN STO OEV INOIVIOUAL 10 12 WEAN STO OEV INOIVIOUAL 

OAYS 
1 
5 
9 
10 
11 
12 
13 
I 4  
15 
16 
11 
18 
19 
20 
23 
26 

58.50 
46.00 
45.00 
34.00 
36.40 
61.00 
33.30 
48.50 
44.50 
41.00 
44.00 
51.00 
32.00 
35.80 
20.30 
19.30 

58.500 
46.000 
45.000 
34.000 
36.400 
61.000 
33.300 
48.500 
44.500 
41.000 
44.000 
51.000 
32.000 
35.800 
20.300 
19.300 

0.000 
0.000 
OIO0O 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

OAYS 
1 
5 
9 

11 
12 
13 
14 
16 
18 
20 
23 
26 

1195.00 V94.00 
1250.00 1263.00 
1166.00 1481.00 
1196.00 1153.00 
-0.00 -0.00 
-0.00 -0.00 

1211.00 1266.00 

1094.500 142.128 
1256.500 9.192 
1326.500 226.981 
11151500 30.406 

0.000 0.000 
0.000 0.000 

1241.500 34.648 
1293.000 106.066 
1230.000 28.284 

930.000 0.000 
1010.000 98.995 

140.000 0.000 

PVERAGES FOR OSMOL URINE POST EX 

INDIVIOUAL 10 12 UEAW STO OEV 

DAYS 
10 
12 
15 
19 

AVERAGES FOR U URINE RATE POST EX 

12 WEAN STO OEV 
629.00 541.00 

-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 

233.00 -0.00 

585.000 62.225 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

233.000 0.000 

INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
2 1  

59.00 
-0.00 
-0.00 
16.00 
-0.00 0.000 0.000 

129.00 129.000 0.000 

lNOIVIOUAL 

DAYS 
1 
5 
9 

AVERAGES FOR CL URINARY 24 HR IMEQ1l.l 

10 12 MEAN STO OEV 

21 
2 1  59.000 0400  

0.000 0.000 
0.000 0.000 

16.000 0.000 

AVERAGES FOR CREATNINE UR. 24HR WIG11 

10 12 UEAN STO DEY 

284.00 186.00 
-0.00 216.00 

222.00 195.00 
246.00 117.00 

-0.00 1741.00 
-0.00 195.00 

249.00 198.00 
-0.00 117.00 
-0.00 174.00 

180.00 183.00 
311.00 216.00 

235.000 69.296 
216.000 0.000 
208.500 19.092 
211.500 48.190 
174.000 0.000 
195.000 0.000 
223.500 36.062 
111.000 0.000 
114.000 0.000 
101.500 2.121 
293.500 24.149 

lWOIVIOUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
26 

134.00 113.00 
385.00 218.00 
131.00 238.00 
161.00 301.00 
-0.00 313.00 
-0.00 253.00 

185.00 246.00 
-0.00 230.00 

153.00 301.00 
-0.00 228.00 

161.00 334.00 
-0.00 184.00 

191.00 202.00 
90.00 159.00 

131.00 158.00 

153.500 21.511 
301.500 118.087 
181.500 71.418 
234.000 103.238 
313.000 0.000 
253.000 0.000 
215.500 43.134 
230.000 0.000 
230.000 108.894 
228.000 0.000 
250.500 118.087 
184.000 0.000 
199-500 3.536 I 
124.500 48.190 
144.500 19.092 

11 
12 
13 
14 
16 
18 
20 
23 

AVERAGES FOR CREATNINE UR. 24HR IGUSt 

MEAN STO OEV 12 

1.940 0.000 1.94 
2.08 2.080 0.000 

2.030 0.000 2.03 
2.12 2.120 0.000 

NOIYIOUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 

AVERAGES FOR CL URINE OUlPT IMEOIOAY 

12 WEAN STO OEV 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

STO OEY 

19.092 
82.024 
49.491 
71.418 

0.000 
0.000 

30.406 
0.000 

75.660 
0.000 

82.024 
0.000 
2.121 

33.234 
13.435 

STO OEV 

94.045 
0.000 
0.000 
0.000 
0.000 
0.000 

2.38 
1.89 
2.16 
2.10 
2.28 
1.99 
1.81 

2-380 0.000 
1.890 0.000 
2.160 0.000 
2.100 
2.280 
1.990 
1.810 

UEAN 

5.419 
5.581 
6.201 
8.542 
5.416 
0.000 
0.000 
0.000 
5.609 
0.000 
0.000 
5.589 
5.815 
5.968 
5.214 
5.931 

WEAN 

9.500 
11.000 
15.000 
16.000 
11.500 
12.500 
12.500 
12.500 
10.500 
12.500 
12.500 
12.500 
15.OOO 
12.000 
8-500 

12.000 

INO!VIOUAL 

DAYS 
1 
5 
9 

11 
12 
13 
14 
15 
16 
11 
18 
19 
20  
23 
26 

113.45 
218.86 
238.32 
301.11 
315.10 
253.83 
246.50 
229.86 
301.11 
221.88 
332.80 
183.88 
200.2k 
159.01 
151.94 

113.450 
218.857 
238.317 
301.714 
375.102 
253.829 
246.496 
229.856 
301.114 
221.882 
332.191 
183.085 
200.243 
159.066 
151.938 

16 
18 
20 
23 

0.000 
0.000 
0.000 
0.000 

STO OEV 

0.940 
1.340 
0.245 
0.098 
0.454 
0.000 
0.000 
0.000 
0.543 
0.000 
0.000 
0.460 
0.252 
0.000 
0.208 
0.001 

STO OEV 

6.36k 
4.243 
4.243 
2.828 
3.536 
2.121 
2.121 
2.121 
3.536 
21121 
2.121 
5.950 
5.617 
2.121 
0.107 
0.000 

AVERAGES FOR 

10 12 

BASAL VENT. I L I W I N I  

BASAL RESP RATE PER WIN 

INOIVIOUAL 

DAYS 
1 
5 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
23 
2 1  

6.00 4.15 
6.53' 4.63 
6.03 6.31 
8.61 8.47 
5-80 5.15 
-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 

5.92 5.30 
-0.00 -0.00 
-0.00 -0.00 

5.91 5.26 
6.05 5.70 
-0.00 5.91 

5.42 5.13 
5.93 5.93 

AVERAGES FOR CL URINE RATE I U E Q I W I N I  

10 12 UEAN INOIVIOUAL 

OAYS 
1 
5 

93.00 120.00 
261.00 151.00 

95.00 165.00 
112.00 213.00 
-0.00 259.00 
-0.00 116.00 

128.00 171.00 
-0.00 160.00 

106.00 213-00 
-0.00 158.00 

116.00 232.00 
-0.00 128.00 

137.00 140.00 
63.00 110.00 
91.00 110.00 

106.500 
209.000 
130.000 
162.500 
259.000 
116.000 
149.500 
160.000 
159.500 
158.000 
114.000 
128.000 
138.500 

86.500 
100.500 

11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
23 
26 

AVERAGES FOR 

10 12 INOIVIOUAL 

DAYS 
1 
5 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
2 1  
23 
2 1  

14.00 5.00 
14.00 9-00 
18.00 12.00 
14.00 18.00 
14.00 9.00 
14-00 11.00 
14.00 11.00 
14.00 11.00 

AVERAGES FOR CL URINE RATE POST EX 

10 1 2  UEAN INOIVIOUAL 

DAYS 
10 
12 
15 
19 
21 
2 1  

262.00 129.00 
-0.00 -0.00 
-0.00 -0.00 
-0.00 180.00 
-0.00 -0.00 
-0.00 366.00 

195.500 
0.000 
0.000 

180.000 
0.000 

366.000 12.00 12.00 



INOIVIOUAL 

AVERAGES FOR BASAL TRUE OXYGEN I P C T I  AVERAGES FOR REST OXYGEN CON+ L I N I N  

10 12 sTo OEY INOIVIOUAL 10 12 ME1N SlL3 DEW 

DAYS 
1 
5 
10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
23 
27 

4.45 5-21 
4.02 4-82 
4.10 4.28 
4.02 3.76 
4.24 4.26 

-0.00 -0.00 
-0.00 -0.00 
-0.00 -0.00 
4.23 4-57 
-0.00 -0.00 
-0.00 -0.00 
4.29 4.37 
4.43 4.30 

-0.00 4-32 
4.48 4.44 
4.41 4.14 

4.860 
4.420 
4.190 
3.890 
4.250 
0.000 
0;ooo 
0.000 
4.400 
0.000 
0.000 
4.330 
4.365 
4.320 
4.460 
4.215 

0.580 
0.566 
0.121 
0.184 
0.014 
0.000 
0.000 
0.000 
0.240 
0.000 
0.000 
0.057 
0.092 
0.000 
0.028 
0.191 

DAYS 
4 
9 
20 
22 
26 

0.21 0.28 
0-34 0.34 
-0.00 0.29 
0.30 0.21 
0.29 0.30 

0.280 
0.338 
0.290 
0.288 
0.296 

0.006 
0.004 
0.000 
0.019 
0.013 

AVERAGES FOR EXER 10 M I N  VENTILATION 

10 12 

23.60 44.25 
-0.00 -0.00 
-0.00 -0.00 

UEAN STD DEV I N O I V l D U A L  

OAYS 
10 
12 
15 
19 
21 
27 

33.925 
0.000 
0.000 
38.590 
0.000 
32.290 

14.602 
0.000 
0.000 
12.389 
0.000 
8.895 

29.83 41.35 
-0.00 -0.00 
26.00 38.58 

AVERAGES FOR BASAL R 9 

10 12 MEAN SW DEV 1NDIVIOUAL 

OAYS 
1 
5 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
27 

AVERAGES FOR EXER 10 U I N  RESP RATE 

10 12 

28.00 24.00 
-0.00 -0.00 
-0.00 -0.00 
28.00 24.00 
-0.00 -0.00 
26.00 28.00 

0.19 
0.86 
0.85 
0.86 
0.83 

-0.00 
-0.00 
-0.00 
0.76 
-0.00 
-0.00 

0.84 
0.81 

-0.00 
0.82 
0.84 

0.14 
0.10 
0.79 
0.88 
0.84 

-0.00 
-0.00 
-0.00 

0.80 
-0.00 
-0.00 

0.84 
0.80 
0.76 
0.75 
0.79 

0.765 
0.780 
0.820 
0.870 

0.000 
0.000 
0.000 
0.780 
0.000 
0.000 
0.840 
0.805 
0.760 
0.185 
0.815 

0.835 

0.035 
0.113 
0.042 
0.014 
0.001 
0.000 
0.000 
0.000 
0.028 
0.000 
0.000 
0.000 
0.001 
0.000 
0.049 
0.035 

lNOIVIDUAL UEAN STO OEY 

26.000 2.828 
0.000 0.000 
0-om o.000 

OAYS 
10 
12 
15 
19 
21 
21 

26.000 2.828 
0.000 0.000 
21.000 1.414 

AVERAGES FOR 

10 12 

EXER I .O H I N  TRUE OXYGEN 

UEAN STO OEV 

4.280 0.000 
0.000 0.000 
0.000 0.000 
5.085 0.700 
0.000 0.000 
5.085 0.841 

INOIVIOUAL 

DAYS 
-0.00 4.28 
-0.00 -0.00 
-0.00 -0.00 
5.58 4.59 
-0.00 -0.00 
5.68 4.49 

10 
12 
I5 
19 
21 
27 

#€RAGES FOR 

12 

BASAL OXYGEN CON L l U I N  P 

10 INOIVIOUAL 

DAYS 
1 
5 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

' 21 
23 
27 

WEAN STO OEV 

0.27 0.25 0.261 0.014 
0.242 0.028 
0.260 0.018 
0.332 0.019 
0.233 0.018 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.246 0.006 
0.000 0.000 
0.000 0.000 
0.242 0.017 
0.256 0.016 
0.258 0.000 
0.236 0.011 
0.254 0.011 

AVERAGES FOR EXER 10 H I N  R 9 

10 I2 WEAN 

0.26 0.22 
0.25 0.27 
0.35 0.32 
0.25 0.22 

-0.00 -0.00 

l N O l V I O U A L  

DAYS 

STO DEW 

0.000 
0.000 
0.000 
0.163 
0.000 
0.113 

-0.00 0.91 
-0.00 -0.00 

0.910 
0.000 
a.000 
0.905 
0.000 
0.870 

-0.00 -0.00 
-0.00 -0.00 
0.25 0.24 
-0.00 -0.00 
-0.00 -0.00 
0.25 0.23 
0.27 0.24 

-0.00 0.26 
0.24 0.23 
0.26 0.25 

10 
12 
15 
19 
21 
27 

-0.00 -0.00 
0.79 1.02 
-0.00 -0.00 
0.79 0.95 

AVERAGES FOR EXER 10 HIN OXYGEN CONS. 

10 12 WEAN I N O I V l D U A l  

DAYS 
10 
12 
15 
19 
21 
27 

STO OEV 

AVERAGES FOR REST VENT. I L l M I N l  

10 12 
-0.00 1-69 
-0.00 -0.00 
-0.00 -0.00 
1.50 1.61 
-0.00 -0.00 
1.32 1.54 

1.691 
0.000 
0.000 
1.550 
0.000 
1.431 

0.000 
0.000 
0.000 
0.018 
0.000 
0.158 

INOIVXOUAL 

DAYS 
4 
9 

UEAN STO DEV 

6.707 1.071 
1.728 0.100 
1.099 0.000 
6.900 0.720 
1.053 0.028 

7.46 5.95 
7.80 1.66 
-0.00 7.10 
7.41 6.39 
1.07 7.03 

20 22 

26 
AVERAGES FOR EXER 20 M I N  VENTILATION 

10 12 

30.20 49.23 
-0.00 -0.00 
-0.00 -0.00 

-0.00 -0.00 
34.42 37-80 

26.60 41.64 

INOIVIOUAL 
AVERAGES FOR REST RESP RATE PER MIM 

OAYS 
10 12 UEAN STO OEV 10 

UEAN STO OEV 

l N O l V I O U A L  

OAYS 
4 
9 

39.115 13.456 
0.aoo 0.000 
0.000 0.000 
36.110 2.390 
0.000 0.000 
34.120 10-635 

12 
15 

13.000 1.071 19 
14.500 3.536 21 
16.000 2.828 27 
13.000 4.243 
10.500 3.536 

20 
22 
26 

AVERAGES FOR EXER 20 HIM RESP RATE 

MEAN STO OEV INOIVIOUAL 10 12 AVERAGES FOR REST TRUE OXYGEN ( P C T I  

10 12 INOIYIDUAL 

OAYS 
4 

WEAN STO OEV 

4.230 o.im 
4.310 9.000 
4.080 0.000 
4.190 0.170 
4.200 0.198 

DAYS 
10 
12 
15 
19 
21 
27 

20.00 28.00 
-0.00 -0.00 
-0.00 -0.00 

-0.00 -0.00 
26-00 28.00 

28.00 28.00 

24.000 5.657 
0.000 0.000 
0.000 0.000 
28.000 o.000 
0.000 0.000 
27.000 1.414 

3.68 4.78 
4.37 4.31 
-0.00 4.08 
4.07 4.31 
4.06 4.34 

AVERAGES FOR REST R 9 

10 12 

9 
20 
22 
26 

AVERAGES FOR EXER 20 N I N  TRUE OXYGEN 

10 12 MEAN STO OEV INOlVIOUAL 
UEAN STO DEV 

DAYS 
lNOtVIOUAL 

DAYS 
4 
9 

5.00 4.02 
-0.00 -0.00 
-0.00 -0.00 
5.55 4.33 
-0.00 -0.00 
5.50 4.49 

4.510 0.693 
0.000 0.000 
0.000 0.000 
4.940 0.863 
0.000 0.000 
4.995 0.114 

10 
0.800 0.028 12 
0.830 0.042 15 
0.760 0.000 19 
0.810 0.085 21 
0.870 0.000 21 

0.82 0.18 
0.80 0.86 
-0.00 0.76 
0.87 0.15 
0.87 -0.00 

20 
22 
26 



AVERAGES FOR EXER 20 WIN R P 

10 12 

8-83  0.90 

AVERAGES FOR PERCENT BODY FAT I I M E R S I  

10 12 MEAN STO OEV I N D I V I D U A L  MEAN 

0.865 

STD DEV I N D I V I D U A L  

DAYS 
1 
9 
20 
26 

DAYS 
10 
12 
15 
19 
21 
21 

0.049 
0.000 
0.000 
0.136 
0.000 
0.051 

18.60 
16.90 
16.90 
16.90 

19.10 
17.80 
19.40 
19.80 

18.850 0.354 
11.350 0.636 
18.150 1.168 
18.350 2.051 

.... 
-0.00 -0;oo 
-0.00 -0.00 

0.80 0.99 
-0.00 -0.00 

0.84 0.92 

0.000 
0.000 
0.895 
0.000 
0.880 

AVERAGES FOR PERCENT EOOY FAT I S K  F L I  

MEAN STD DEV 10 12 
AVERAGES FOR EXER 20 M I N  OXYGEN CONS. 

10 12 
INDIVIDUAL 

DAYS 
9 
20 
26 

INOIVIDUAL MEAN 

1.560 

STO DEV 

0.306 
11.60 12.00 
11-40 12.50 
11.30 12.10 

11.800 0.283 
11.950 0.178 
11.100 0.566 

DAYS 
10 
12 
15 
19 
21 
21 

1.34 1.78 
-0.00 -0.00 
-0.00 -0.00 
1.11 1.81 
-0.00 -0.00 
1.30 1-66 

_.... 
0.OQO 
0.000 
1.156 
0.000 
1.579 

0.000 
0.000 
0.070 
0.000 
0.250 

AVERAGES FOR CIRCUM CALF (CUI 

10 12 MEAN STO OEY 

34.90 34.80 34.850 0.071 
34.60 35.40 35.000 0.566 

35.400 0.424 35.10 35.10 

AVERAGES FOR CIRCUM THIGH tCU1 

UEAN STO DEY LO 12 

I N D I V I D U A L  

DAYS 
9 
20 
26 

AVERAGES FOR EXER 30 M I N  V E N T I L A T l o N  

10 12 

31.54 41-33 
-0.00 -0.00 
-0.00 -0.00 
36.13 46.51 
-0.00 -0.00 
27.46 38.08 

AVERlGES FOR EXER 30 M I N  RESP RATE 

10 12 

MEAN STD DEV INDIVIDUAL 

OAYS 
10 
12 
15 
I9 
21 
21 

39.535 
0.000 
0.000 
51.320 

0.000 
32.110 

11.165 
0.000 
0.000 
1.340 
0.000 
1.509 

I N D I V I D U A L  

DAYS 
9 
20 
26 

51.10 52.20 

54.50 53.50 
50.00 53.70 

51.950 0.354 
51.850 2.616 
54.000 0.101 

MEAN 

28.000 

STD DEV AVERAGES FOR CIRCUM UP ARM RELAX (CMI 

MEAN STD DEV 10 12 

INDIVIOUAL 

OAYS 
10 
12 
15 
19 
21  
21 

INDIVIDUAL 

DAYS 
9 
20 
26 

28.00 28.00 
-0.00 -0.00 
-0.00 -0.00 
28.00 28.00 
-0.00 -0.00 

0.000 
0.000 
0.000 
0.000 
0.000 
2.828 

0.000 
0.000 

28.000 
0.000 
28.000 

24.10 23.50 
24.90 23.50 
25.00 24.20 

24.100 0.849 
24.200 0.990 
24.600 0.566 26.00 30.00 

AVERAGES FOR EXER 30 M I N  TRUE OXYGEN 

10 12 

5.35 4.22 

AVERAGES FOR CIRCUMl l lP ARM CONTR I C M t  

10 12 MEAN STD DEW INDIVIDUAL 

OAYS 
9 
20 
26 

I N D I V I D U A L  MEAN STD DEW 

DAYS 
10 
I2 
15 
19 
21 
21 

28.50 26.80 
28.50 26.30 
29.10 21.50 

21.650 1.202 
27.400 1.556 
28.300 1.131 

0.199 
0.000 
0.000 
0.700 
0.000 
0.622 

4.185 
0.000 
0.000 
4.915 
0.000 
5.060 

-0.00 -0.00 
-0.00 -0.00 
5.41 4-42 

-0.00 -0.00 
5.50 4.62 

AVERAGES FOR CIRCUM CHEST I C M l  

10 12 MEAN STD DEV INOIVIDUAL 

DAYS 
9 
20 
26 

AVERAGES FOR EXER 30 M I N  R 0 

10 12 

0.80 0.88 
-0.00 -0.00 
-0.00 -0.00 

86.50 89.80 
85.30 90.00 
86.10 88.50 

88.150 2.333 
87.650 3.323 
87.600 1.213 

I N O l V l D U A L  MEAN STO DEV 

DAYS 
10 
12 
15 
19 
21 
21 

0.840 
0.000 
0.000 
0.900 
0.000 
0.855 

0.051 
0.000 
0.000 
0.113 
0.000 
0.035 

AVERAGES FOR CIRCUM WAIST lCM1 

10 12 MEAN STO OEV INDIVIDUAL 

DAYS 
9 
20 
26 

0.82 0.98 
-0.00 -0.00 
0.83 0.88 

11.30 16.50 
13.10 11.30 
14.20 16.40 

13.900 3.611 
15.200 2.910 
15.300 1.556 AVERAGES FOR EXER 30 M I N  OXYGEN CONS. 

10 12 MEAN STO DEV 

0.199 
0.000 
0.000 
0.049 
0.000 
0.151 

INOIVIDUAL 
AVERAGES FOR STRENGTH HAND GRIP I K G l  

10 12 MEAN STO DEV 
DAYS 
10 
12 
15 
19 
21 
21 

1-631 
0.000 
0.000 
1.718 
0.000 
1.448 

INOIVIDUAL 

DAYS 
9 
20 
26 

1.49 1.11 
-0.00 -0.00 
-0.00 -0.00 
1.14 1-81 
-0.00 -0.00 
1.34 1.56 

Lo8.05 110125 109.150 l . 59  
105.84 w.6p 1w.744 1.562 
9-02 108.05 102.535 7.801 

AVERAGES FOR STRENGTH KNEE EXT IL8Sl 

MEAN STO DEV 10 12 

AVERAGES FOR K40 IENDOGI 8OOY MASS 

10 12 I N D I V I D U A L  

DAYS 
9 
20 
26 

IN01 V t W A L  

DAYS 
5 

10 
20 
26 

MEAN 

Il9.000 

S T 0  OEV 

197.00 161.00 
164.00 153.00 
148.00 158.00 
165.00 150.00 

25.456 
1.178 
1.071 
10.601 

i58.500 
153.000 
151.500 

AVERAGES FOR STRENGTH PLANT FL l L 8 S l  

MEAN STD DEY 10 12 
AVERAGES FOR L.8.M. IWnERSlON I K G l  

10 12 

58.30 59.61 
60.14 58.81 
61.58 58.99 
61.46 59.16 

AVERAGES FOR L8M SUIN FOLDS I K G I  

10 12 

64.61 63-11 
65.75 64.04 
b5.1.9 65-84 

INOIVIDUAL 

OAYS 
9 
20 
26 

STD OEV 

0.969 

I N D I V I D U A L  

DAYS 
1 
9 
20 
26 

MEAN 

58.985 
220.00 245m 
210.00 286.67 
m.00 270.00 59.805 

60.285 
60.310 

1.322 
1.831 
1.626 

AVERAGES FOR V I T A L  CAPACITY I L I T E R S I  

10 12 MEAN STD OEY I N D I V I D U A L  
STO DEV I I I O I V I W A L  MEAN 

63.890 
64.890 
65.295 

DAYS 
1 
9 
20 
26 

4.51 5.81 
4.40 6.01 
4.21 5-91 
4.41 6.00 

5.160 0.919 

5.090 1.160 
5.235 1.01l2 

5.235 1.181 
D I Y S  

? 
t o  
26 

1.018 
1.202 
0.643 

I4 2 



Par t  I V  

DISCUSSION 

-- Fluid Exchange 

The evapora t ive  water l o s s e s  (Em) repor t ed  f o r  t h e  ambulatory period a r e  w i t h i n  
t h e  normal range of 1200 t o  1500 m l  f o r  an ambient temperature near 80°F  (Consolazio,  
Johnson, and Pecora, p.346, 1963). The value f o r  d a i l y  i n s e n s i b l e  water l o s s  (IWL) i s  
approximately 1000 m l  water f o r  a 70 kg man (Elkington and Danowsky, p. 19, 1955; 
Weisburg, p. 47, 1962). When converted t o  a 24 hour per iod,  t h e  IWL values  a t  night were 
very c l o s e  t o  t h i s  va lue  f o r  both groups. 
f e r e n t  during night and day per iods throughout bed rest .  I n  add i t ion ,  both per iods were 
c l o s e  t o  t h e  night IWL recorded during t h e  pre-bed r e s t  period. Hence, night IWL proved 
t o  be an acceptable  index f o r  e s t ima t ion  of  the  IWL during per iods of i n a c t i v e  recumbency. 

The  con t ro l  group's IWL was very l i t t l e  d i f -  

The est imat ion o f  f l u i d  requirements from night  IWL and sweat r a t e  during 30 m i n  
e x e r c i s e  bouts was successful .  However, t h e  daytime IWL f o r  t h e  e x e r c i s e  group was much 
lower during bed rest than t h e  night  IWL during t h e  ambulatory per iod,  w h i l e  t h e  sweat 
r a t e  was much g r e a t e r  than a n t i c i p a t e d .  Hence, t h e  increased sweat r a t e  and lower than 
expected IWL averaged toge the r  were equal t o  t h e  a n t i c i p a t e d  f l u i d  requirement. 
e x e r c i s e r s '  n ight  IWL during pre-bed rest and bed rest was the same, w h i c h  l i m i t s  t h e  
unexpected water exchange va lues  t o  t h e  day period. 
change i n  day IWL between t h e  two pe r iods ,  i t  i s  assumed t h a t  t h e  lower day IWL i n  t h e  
e x e r c i s e r s  i s  due t o  the na tu re  o f  sweat l o s s  during t h e  d a i l y  e x e r c i s e  bouts,  i .e . ,  t h e  
IWL was lowered betwesn and a f t e r  t h e  bouts of  work due t o  t h e  increased sweat r a t e .  

T h e  

Since t h e  con t ro l  s u b j e c t s  d i d  not 

Since changes i n  t h e  water output  by e x t r a  r ena l  r o u t e s  were matched by changes i n  

I n  previous s t u d i e s  o f  water exchange 
water i n t a k e  i n  both groups u t i l i z e d  i n  t h i s  s tudy,  ur inary ou tpu t s  were approximately 
r e p r e s e n t a t i v e  o f  water l o s s e s  from t h e  body. 
during bed rest (Deitrick, Whedon, and Shmr, 1948; Vogt e t  a l . ,  19651, water i n t ake  was 
v a r i a b l e ,  i .e.,  l ibi tum. Hence, t h e  u r i n e  volumes they reported were not necessa r i ly  
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r e p r e s e n t a t i v e  o f  a b s o l u t e  changes o c c u r r i n g  i n  r ena l  wa te r  r e g u l a t i o n .  The e s t imn t ion  
of  water  requi rements  i n  the p resen t  i n v e s t i g a t i o n  was 60 lnl  high f o r  t h e  e x e r c i s e r s  and 
30 m l  f o r  t he  c o n t r o l s ,  w i t h  u r i n a r y  ou tpu t  i n c r e a s e s  of 70 m l  and 130 m l ,  r e s p e c t i v e l y .  
The a b s o l u t e  u r i n a r y  volumes on non-renal t es t  days  ( r e l a t i v e  t o  pre-bed rest ambulatory 
v a l u e s )  were inc reased  by 10 m l  i n  t h e  e x e r c i s e r s  and 100 m l  i n  t he  c o n t r o l s . 1  
Whedon, and Shorr (1948)  r e p o r t e d  a 235 m l  d a i l y  average  i n c r e a s e  i n  urine product ion  
du r ing  immobi l iza t ion ,  w h i l e  f l u i d  i n t a k e  was decreased  18 m l .  Vogt et a l .  (1965) 
r epor t ed  an inc reased  u r i n a r y  volume o f  350 ml i n  non-exercise c o n d i t i o n s  and a d e c r e a s e  
i n  f l u i d  i n t a k e  o f  550 m l ,  w h i l e  i n  exercise c o n d i t i o n s  t h e r e  was an i n c r e a s e  o f  300 m l  
i n  u r i n a r y  ou tpu t  and a reduced f l u i d  i n t a k e  of  200 m l .  I t  should be emphasized t h a t  t h e  
s u b j e c t s  u t i l i z e d  i n  both o f  these s t u d i e s  were a c t i v e  du r ing  t h e  pre-bed r e s t  pe r iod ;  
hence, a l t e r a t i o n s  i n  sweat r a t e  d u r i n g  bed rest would have in f luenced  the changes noted 
( i . e . ,  s i n c e  EinlL was unknown, t h e  decreased  wa te r  i n t a k e  a t  t h e  onse t  o f  bed r e s t  may not 
have been commensurate wi th  t h e  r educ t ion  i n  EWL). I t  i s  concluded t h a t  the d i u r e s i s  o f  
recumbency seen i n  t h i s  s tudy  i s  o f  sma l l e r  magnitude than  that  r epor t ed  p rev ious ly  by 
some au tho r s  because of t h e  adjustment o f  wa te r  i n t a k e  accord ing  t o  changes i n  e x t r a  
r e n a l  water  e x c r e t i o n  du r ing  bed rest .  O t h e r  au tho r s  (Lamb and Stevens ,  1965; S tevens  
and Lynch, 1965), have a l s o  r e p o r t e d  only  s l i g h t l y  e l e v a t e d  urine volumes, observ ing  
t h a t  the  l a r g e s t  d a i l y  urine volume occur red  on t h e  f i r s t  day o f  recumbency and was 
followed by an ou tpu t  on ly  s l i g h t l y  e l e v a t e d  ove r  pre-bed r e s t ;  t h i s  t r e n d  was a l s o  
observed i n  t h e  p re sen t  s tudy ,  

D e i t r i c k ,  

The body weights  and urine volumes o f  t he  e x e r c i s e  s u b j e c t s  f l u c t u a t e d  du r ing  bed 
r e s t ,  w i t h  each showing p r o p o r t i o n a t e l y  o p p o s i t e  t r e n d s .  When water  l oads  were adminis- 
t e r e d  on r e n a l  tes t  days ,  there was an apparent  r e t e n t i o n  o f  water  f o r  t h e  d u r a t i o n  of 
t h e  f i r s t  day and a l o s s  o f  "ex t r a"  u r i n e  d u r i n g  the next day ,  w h i c h  r e s u l t e d  i n  an 
average  body weight on ly  s l i g h t l y  less than  pre-bed rest b a s e l i n e  va lues .  Th i s  r ise and 
f a l l  was r e l a t e d  t o  each test  day, and t h e  observed weight on day 20 was not apprec i ab ly  
d i f f e r e n t  from t h e  pre-bed rest body weight.  I n  c o n t r a s t ,  w i t h  t h e  except ion  o f  day 15, 
t h e  c o n t r o l  s u b j e c t s  l o s t  "excess" wa te r  w i th in  24 hours a f t e r  a d m i n i s t r a t i o n  o f  t h e  
water  load .  On day 15, serum o s m o l a l i t y  reached the h ighes t  l e v e l  observed i n  t h i s  group. 

ca t ed  a s teady  l o s s  o f  t h e  wa te r  r e t a i n e d  on day 15. I t  i s  concluded t h a t  t he  t r a n s i e n t  
r e t e n t i o n  o f  wa te r  on days  15, 16, and 17 was due  t o  an a n t i d i u r e s i s  s t i m u l a t e d  by an 
e l eva ted  body f l u i d  t o n i c i t y .  

,By day 19, o s m o l a l i t y  had decreased  and t h e  t r e n d  of ur ine volume and body weight i n d i -  

The p s t t e r n s  o f  a l l  wa te r  exchange t h a t  d i s t i n g u i s h e d  bed rest from ambulatory 
pe r iods  were apparent  du r ing  t h e  day ,  v i z . :  
on ly  i n  "day" hours,  a s  n ight  IWL dur ing  pre-bed rest and bed rest was unchanged; 2 )  t h e  
inc reased  u r i n a r y  f low r a t e s  d u r i n g  bed r e s t  were ev iden t  on ly  i n  "day" pe r iods  o f  c o l l e c -  
t i o n  ( a  r e sponse  seen i n  recumbency s t u d i e s  by Borst  and d e  Vries (1950) ;  and S i r o t a  - a l .  (1950) ;  3 )  t h e  d i u r e s i s  a s s o c i a t e d  wi th  wa te r  l o a d s  was ev iden t  on ly  i n  day u r i n a r y  
f low r a t e s ,  and i f  some o f  t h e  load  was r e t a i n e d  and exc re t ed  t h e  next day ,  t h e  n igh t  
r a t e s  were n e v e r t h e l e s s  unchanged; 4 )  the a n t i d i u r e s i s  du r ing  recovery  was mani fes ted  
on ly  i n  day u r i n a r y  f low r a t e s ,  a s  n ight  r a t e s  were unchanged o r  i nc reased  du r ing  t h i s  
per iod .  There  i s  no apparent  reason  f o r  t h e  day p a t t e r n  du r ing  bed res t ,  unless the  water 
loss  d u r i n g  recumbency i s  assumed t o  be  an a c t i v e  me tabo l i c  process  t h a t  i s  reduced du r ing  
s l e e p .  
not r e f l e c t e d  i n  t h e  n igh t  r a t e s  i n d i c a t e s  t h a t  wa te r  r e t e n t i o n  occur s  on ly  du r ing  ambula- 
t i o n ,  o r  more s p e c i f i c a l l y ,  i n  t h e  up r igh t  p o s t u r e .  

1) the  r educ t ion  o f  IWL i n  e x e r c i s e r s  occur red  

However, t h e  f a c t  t h a t  the a n t i d i u r e s i s  d u r i n g  t h e  day i n  the recovery  per iod  was 

The p reva lence  of a "day" p a t t e r n  i s  complicated on t h e  two r e n a l  test  days  du r ing  
recovery  i n  t h a t  t h e  s u b j e c t s  were recumbent du r ing  t h e  t es t s  w h i c h  began a t  0700, w h i l e  
on o t h e r  days  o f  t h e  recovery  pe r iod ,  ambulatory a c t i v i t i e s  began a t  0700. Hence, t h e  
p a t t e r n  o f  t h e  35  hour u r i n e  product ion  on the r e n a l  t e s t  days  a c t u a l l y  r e p r e s e n t s  con- 
d i t i o n s  fo l lowing  10-12 hours o f  recumbency. Once t h e  tests were 

'The c r i t e r i o n  f o r  i nc reased  u r i n a r y  volume was determined by 
( u r i n a r y  volume bed rest 
f l u i d  intake pre-bed resL/ - LEWL bed rest - E'& pre-bed res t / ) .  

u r i c a r y  volume pre-bed res t )  - ( l f l u i d  

144 

oncluded and t h e  

t h e  formula: 
n t ake  bed rest  - 



s u b j e c t s  became ambulatory,  t h e  d i u r e s i s  ended a b r u p t l y ,  and i n  f a c t ,  both groups r e t a i n e d  
water  throughout t h e  remainder o f  the  day ,  r e s u l t i n g  i n  p o s i t i v e  water  ba l ances  on both 
r e n a l  test  days.  The re fo re ,  du r ing  recovery  t h e r e  were two o p p o s i t e  extremes mani fes ted :  
1 )  the inc reased  d i u r e t i c  r e sponse  t o  a water  load  i n  t he  recumbent p o s i t i o n :  and 2 )  an 
a n t i d i u r e s i s  i n  t h e  up r igh t  and ambulatory p o s t u r e ,  Serum o s m o l a l i t y  d e c l i n e d  du r ing  
recovery  and was lower i n  both groups than  i n  ei ther o f  t h e  two preceding  pe r iods .  I t  
i s  assumed t h a t  the wa te r  d i u r e s i s  was produced by the  absence o f  any p o s t u r a l  e f f e c t  
and by t h e  reduced serum osmola l i t y .  I t  appea r s  t h a t  t h e  o r t h o s t a t i c  a n t i d i u r e t i c  r e sponse  
o v e r r i d e s  t he  lowered seru.n o s m o l a l i t y  ( t h e  l a t t e r  being an adequate  s t i m u l u s  t o  promote 
a d i u r e s i s  on ly  i n  recumbency). T h i s  con ten t ion  i s  suppor ted  by t h e  i nc reased  serum ton- 
i c i t y  and wa te r  r e t e n t i o n  o f  t h e  c o n t r o l s  on day 15. S ince  t h e  o r t h o s t a t i c  response  
invo lves  a r educ t ion  o f  t h e  c e n t r a l  blood f low and volume, such a response  i s  i n  agreement 
w i t h  the  hypo thes i s  t h a t  blood volume i s  ope ran t  o v e r  t o n i c i t y  (Gauer and Henry, 1963; 
Gauer, 1968). However, i n  t h e  absence  o f  any change o f  blood volume d i s t r i b u t i o n  du r ing  
recumbency, t o n i c i t y  would appear  t o  be t h e  r e g u l a t i n g  f a c t o r  i n  both t h e  bed rest and 
recovery  pe r iods .  

During bed rest i t  was observed t h a t  t h e  2% hour u r i n a r y  ou tpd t  fo l lowing  the wa te r  
load  was on ly  s l i g h t l y  l a r g e r  i n  the c o n t r o l s  (amounting t o  approximately 10 percent  more 
o f  the  load  d u r i n g  t h e  2% hour p e r i o d )  than  t h e  e x e r c i s e r s .  Also,  t h e  c o n t r o l s  l o s t  more 
of the  wa te r  l oad  i n  t h e  recovery  pe r iod  when t h e  d i f i r e s i s  was i n t e r r u p t e d  by a 30 m i n  
bout o f  e x e r c i s e  t h a n  du r ing  t h e  non-exercise bed r e s t  per iod .  Thus, these in t e r -g roup  
and in t ra -group comparisons i n d i c a t e  t h a t  t h e  imnedia te  e f f e c t s  o f  e x e r c i s e  do not result 
i n  i nc reased  wa te r  r e t e n t i o n  and hence, do not e x p l a i n  t h e  e x e r c i s e r s '  a t t e n u a t e d  l o s s  
o f  body water d u r i n g  bed res t .  sup ine  e x e r c i s e  may be  
exp la ined ,  however, by t h e  absence  o f  an inc reased  a n t i d i u r e t i c  hormone (ADH) ou tpu t .  
Kozlowski et  a l .  (1967) have shown t h a t  sup ine  e x e r c i s e  causes no s i g n i f i c a n t  r ise  i n  
serum ADH a c t i v i t y ,  a l though they  showed a s i g n i f i c a n t l y  inc reased  ADH a c t i v i t y  i n  
up r igh t  e x e r c i s e .  They concluded t h a t  t h e  u p r i g h t  p o s t u r e  was necessary  f o r  pool ing  o f  
blood i n  t he  l e g s ,  which i n  t u r n  s t imu la t ed  t h e  s e c r e t i o n  o f  ADH. 
showed t h a t  t h e  a p p l i c a t i o n  o f  lower body nega t ive  p r e s s u r e  (LBUP) w h i l e  i n  the sup ine  
p s i t i o n  (which causes poo l ing  o f  blood i n  t h e  l e g s )  i nc reased  ADH l e v e l s  s i g n i f i c a n t l y .  
(The resemblance o f  LBYP and exercise e f f e c t s  du r ing  bed rest w i l l  be developed more 
comple te ly  i n  t h e  s e c t i o n  concern ing  r e n a l  f u n c t i o n . )  I n  t h e  p re sen t  i n v e s t i g a t i o n ,  i t  
i s  p o s t u l a t e d  t h a t  a l though t h e r e  may have been smal l  immediate e f f e c t s  o f  e x e r c i s e  
du r ing  bed res t ,  t h e  major e f f e c t  o f  t h e  e x e r c i s e  regimen i s  shown by t h e  lower 24 hour 
ur ine volume i n  t h e  e x e r c i s e  group d u r i n g  bed rest and their  a b i l i t y  t o  r e g a i n  any wa te r  
l o s t  24 hours a f t e r  t h e  resumption o f  apbu la to ry  a c t i v i t i e s .  

The l a c k  o f  wa te r  r e t e n t i o n  i n  

Rogge and Moore (1968) 

Water Balance __ ----- 
A d e s c r i p t i o n  o f  t h e  l i m i t a t i o n  o f  water ba lance  c a l c u l a t i o n s  employed i n  t h e  

p re sen t  s tudy  appea r s  i n  Appendix V, P a r t  11. The modified Peters-Passmore equat ion  
excluded t h e  c o r r e c t i o n  o f  changes i n  t h e  non-water components o f  body composition. 
Although t h e  e r r o r  i s  smql l  f o r  p e r i o d s  o f  24 hours ,  t he  e r r o r  f o r  a l o n g e r  per iod  o f  time 
(e.g. ,  one week)  i s  l a r g e ,  due  t o  changes i n  f a t ,  muscle, bone o r  i n t e s t i n a l  r e s i d u e ,  w h i c h  
cause  a change i n  body weight.  Using t h e  modified formula,  these changes would be inter- 
p r e t e d  a s  a l t e r a t i o n s  i n  wa te r  ba lance .  However, t h e  method ernployed i s  adequate  f o r  
d e l i n e a t i n g  changes i n  r o u t e s  o f  wa te r  exchange ( a s  no cumula t ive  e r r o r  can o c c u r ) ,  and 
f o r  c a l c u l a t i o n  o f  water ba lance  on s i n g l e  days  when l a r g e  f l u c t u a t i o n s  occur ,  s u c h  a s  
day 20 i n  t h e  exercise group and day 22 i n  t h e  c o n t r o l  group. The va lues  f o r  average  
wa te r  ba l ance  i n  pre-bed rest show a n e g a t i v e  ba l ance  i n  s p i t e  o f  o t h e r  i n d i c a t i o n s  t h a t  
normal ba l ance  had been a t t a i n e d  (e.g. , serum and u r i n a r y  e l e c t r o l y t e s  and o s m o l a l i t y  
va lues  on days  9 and 10 be ing  equal  t o  those  on day 1). 
wa te r  ba l ance  o c c u r s  a s  a result o f  a weight l o s s  from day 1 t o  day 10 o f  approximately 
0 . 4  kg, which i s  assumed t o  be  due  t o  r educ t ion  o f  i n t e s t i n a l  bulk r e s u l t i n g  from t h e  low 
r e s i d u e  d i e t .  Hence, such a change i s  c a l c u l a t e d  a s  l o s s  o f  water ,  because f e c a l  weights  
and food we igh t s  (a l though t h e  l a t t e r  was r e l a t i v e l y  c o n s t a n t )  were not i nco rpora t ed  i n t o  
t h e  formula d u r i n g  t h i s  pe r iod .  

The d i sc repancy  i n  t h e  c a l c u l a t e d  
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The two groups  showed inc reased  body f a t  and decreased  l e a n  body mass (LBIC) wi th  

An increase i n  f a t ,  which i s  on ly  
bed res t ,  which would e x p l a i n  t h e  f a c t  t h a t  average  wa te r  ba l ance  ( a s  c a l c u l a t e d  by t h e  
method d e s c r i b e d )  was not nega t ive  du r ing  bed rest .  
10 percent  wa te r ,  would obscure  a d e c r e a s e  i n  body water  i f  on ly  body weights  were con- 
s ide red .  
ba lance  was recorded ,  can be exp la ined  by the  v a r i o u s  c o r r e c t i o n s  o f  weight t h a t  a r e  
inc luded  i n  the c a l c u l a t i o n  (e .g . ,  t h o s e  f o r  f e c a l  wa te r ,  vomitus and blood l o s s e s ) .  
A nega t ive  wa te r  ba l ance  i s  s u b s t a n t i a t e d  by an inc reased  ur ine volume d e s p i t e  an 
unchanged wa te r  i n t a k e  r e l a t i v e  t o  EWL, and a decreased  LBV, t h u s  i n d i c a t i n g  a l o s s  o f  
t he  l ean  body components, i n c l u d i n g  water .  
q u a l i t a t i v e l y ,  a s  none o f  these methods can be cons idered  t o  r e p r e s e n t  q u a n t i t a t i v e  va lues .  

The f a c t  t h a t  t h e  c o n t r o l s '  body weight a c t u a l l y  dec reased ,  whereas a p o s i t i v e  

The l o s s  o f  wa te r  can on ly  be i n d i c a t e d  

Body F lu id  Volumes 

T i t r a t e d  wa te r  (T20) was employed a s  a measure o f  body wa te r  con ten t .  The intra- 
venous method, which r e q u i r e d  t h e  i n j e c t i o n  o f  1 m l  o f  T20 was chosen i n  o r d e r  t o  keep 
the volume o f  admin i s t e red  f l u i d s  i n  excess  of d a i l y  reqdi rements  t o  a m i n i m u m .  
d i scove red ,  however, t h a t  such a small  volume requ i r ed  u n a t t a i n a b l e  accuracy  i n  t h e  
measurement o f  t h e  admin i s t e red  dose.  The d i l u t i o n  o f  1 m l  by 40,000 m l  o f  body wa te r  
requires an accuracy  o f  weight o f  0.010 mgm f o r  10 pe rcen t  accuracy. Although such 
accuracy i s  p o s s i b l e  i n  weighing, o t h e r  sou rces  of  e r r o r ,  such a s  evapora t ion  aetween t h e  
times of  weighing and a d m i n i s t r a t i o n ,  r e s u l t e d  i n  h igh ly  v a r i a b l e  results.  Agreement 
i n  m u l t i p l e  samples w i t h i n  one day was a c c e p t a b l e ,  but t h e  r e l i a b i l i t y  between any two 
days  of measurement was not.  For example, s u b j e c t  8 had a measured t o t a l  body water  (TBW) 
l o s s  of  7.0 L d u r i n g  bed res t ,  y e t ,  there were no commensurate changes i n  body weight ,  
u r i n e  product ion ,  o r  LBM t o  s u b s t a n t i a t e  t he  l o s s  o f  anywhere nea r  t h i s  amount o f  wa te r ,  

I t  was 

With one  excep t ion ,  t h e  RISA method of de t e rmin ing  blood and plasma volume (PV)  proved 
I n  three of s ix  d e t e r m i n a t i o n s ,  sub jec t  1 had inc reased  t o  be a r e l i a b l e  technique .  

r a d i o a c t i v i t y  about t h e  a r e a s  o f  i n t r avenous  i n j e c t i o n s ,  i n d i c a t i n g  p e r i v a s c u l a r  l eakage  
af ter  the i n j e c t i o n  o f  t h e  s o l u t i o n .  
o f  h i s  o t h e r  three measurements would have changed t h e  t r e n d s  shown i n  t h e  averages  o f  
t h e  o t h e r  t h r e e  s u b j e c t s  on t h e  s i x  days.  The re fo re ,  t h e  va lues  of t h i s  s u b j e c t  were 
e l imina ted  from f u r t h e r  a n a l y s i s .  The t r e n d s  were cons idered  t o  be r e l i a b l e  on ly  i f  3 
o u t  of  3 e x e r c i s e r s  o r  i f  3 o u t  o f  4 c o n t r o l s  showed c o n s i s t e n t  changes w i t h i n  e i t h e r  
w w .  

Because he was r e l a t i v e l y  l a r g e  (80 kg)  t h e  i n c l u s i o n  

Numerous r e s e a r c h  workers have shown t h a t  the maximal dep res s ion  o f  PV o c c u r s  a f t e r  
two t o  s i x  days  of  recumbency and i s  not g r e a t l y  changed i n  p e r i o d s  a s  long  a s  28 t o  31days  
Lamb and Stevens, eta., 1966; Vogt and Johnson, 1967a; 
Vogt et a l . ,  1967b). 
PV o f  c o n t r o l s  dec reased  a f t e r  2 days ,  dec reased  s t i l l  f u r t h e r  a f t e r  5 days ,  but e x h i b i t e d  
n o  f u r t h e r  change d u r i n g  bed rest. 
t o  pre-bed rest v a l u e s  a f t e r  3 t o  7 days  o f  r ecove ry ,  which was observed i n  the  p resen t  
experiment,  a s  well. S t u d i e s  wi th  e x e r c i s e  employed a s  an exper imenta l  v a r i a b l e  d u r i n g  
recumbency have shown no a l t e r a t i o n  i n  t h e  cour se  o f  PV c o n t r a c t i o n  (Miller et a l . ,  1965; 
Vogt 2 E&., 1965). 
n e g a t i v e  p r e s s u r e  (LBNP), and exercise on  an ergometer i n  recumbency a l l  serve t o  i n c r e a s e  
the volume o f  blood con ta ined  i n  t h e  extremities, which may r e v e r s e  t h e  d i u r e s i s  o f  recum- 
bency by resembl ing  t h e  c o n d i t i o n s  of  up r igh t  pos tu re .  
demonstrated t h a t  t h e  PV was main ta ined  by t h i s  procedure  (Lamb and Stevens ,  1965; Stevens  - et gL., 1966). The a p p l i c a t i o n  o f  c u f f s  t o  t h e  e x t r e m i t i e s  i n  wa te r  immersion s t u d i e s  has  
u s u a l l y  r eve r sed  t h e  r educ t ion  o f  PV (Vogt, 1967c,d).  I n  t h e  p re sen t  exper iment ,  e x e r c i s e  
s u b j e c t s  were observed t o  r e v e r s e  an i n i t i a l  decrement i n  PV a f t e r  2 clays o f  recumbency 
and return t o  pre-bed rest v a l u e s  a t  t h e  end o f  t h e  recumbency pe r iod .  

1965; Miller et a,, 1965; Vogt 
A s i m i l a r  t r e n d  was noted i n  t h e  p r e s e n t  s tudy ,  i n  t h a t  the  average  

I t  was a l s o  noted i n  t h e s e  s t u d i e s  t h a t  t h e  PV re tu rned  

The a p p l i c a t i o n  o f  c u f f s  t o  t h e  l e g s  i n  wa te r  immersion, lower body 

Experiments u t i l i z i n g  LBNP have 

Lamb and Stevens (1965) found a p o s i t i v e  r e l a t i o n s h i p  between f l u i d  ba l ance  and body 
weight and plasma volume d u r i n g  bed rest. 
volumes and body we igh t s  i n  t h e  p re sen t  s tudy  were c l o s e l y  r e l a t e d  i n  both groups ,  a l though 
u r i n a r y  volume and PV show a r e l a t i o n s h i p  on ly  du r ing  bed rest  i n  t h e  c o n t r o l  s u b j e c t s .  

I t  was p rev ious ly  poin ted  o u t  t h a t  u r i n e  
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Therefore ,  i t  appears  that  PV c o n t r a c t s  a long w i t h  t o t a l  body water  l o s s e s  i n  the immobile 
c o n t r o l  sub jec t s .  
res t ,  whereas TBW is l o s t  ove r  a longe r  per iod o f  time. 

Howevero t h e  PV con t rac t ion  appears t o  be completed very e a r l y  i n  bed 

Renal Function --- 
The r e p r o d u c i b i l i t y  o f  serial  measurements o f  r ena l  plasma flow (RPF), as d e t a i l e d  

i n  P a r t  111, was 2 10 percent  (i.e.* 2 30 m l / m i n ) ,  and t h e  test-retest r e p e a t a b i l i t y  
( i .e. '  between two days)  was found t o  be 2 50 m l / m i n .  
t h a t  reported by Chapman et a l .  (19481, who found RPF t o  be rep roduc ib le  by 2 89 m l / m i n  
i n  dupl ' icate  t r i a l s .  
RPF f o r  reasons mention.ed i n  P a r t  111) and t h r e e  out  o f  f o u r  c o n t r o l s  showed t h e  same 
response p a t t e r n ,  t h e  change was considered r e p r e s e n t a t i v e  o f  intra-group t rends.  On 
the b a s i s  o f  these c r i t e r i a ,  the e x e r c i s e r s  showed no changes throughout bed rest and 
recovery,  a s  the f l u c t u a t i o n s  were a l l  w i th in  the l imits o f  measurement e r r o r ,  The 
c o n t r o l s '  t r end  o f  RPF remained unchanged by t h e  above c r i t e r i a .  
RPF during bed rest, as well as the e l eva ted  va lues  du r ing  recovery,  a r e  considered 
r ep resen t  a t  i v e  o f  intra-group p a t t e r n s .  

To o u r  knowledge, there have been no s t u d i e s  of the effects o f  prolonged bed rest 
on RPF. I t  has been shown t h a t  a change from upright  t o  recumbent p o s i t i o n s ,  and v i c e  
ve r sa ,  causes  an i n c r e a s e  and dec rease  i n  RPF, r e s p e c t i v e l y  (Epstein et a l . ,  1951). 
Although such an observat ion a p p l i e s  t o  the e f f e c t  o f  the ambulatory per iod,  i t  does not 
d i r e c t l y  p u r t a i n  t o  the p resen t  s tudy,  since a l l  measurements were made fol lowing 10-12 
hours o f  recumbency and were conducted i n  the hor i zon ta l  pos i t i on .  

the work has been only i n d i r e c t l y  r e l a t e d  t o  RPF (Davis,  1962; Brown 3 %Lo, 1964; Thurau, 
1964; Tobian, 1967; Mills, 1968; Pearce,  1968; Perlmutt  , 1968). These studies i n d i c a t e  
t h a t  the endocrine and nervous systems a r e  the two general  s y s t e m  r e l a t e d  t o  RPF c o n t r o l ,  
and each has  been shown t o  have i t s  sensory components. The stimulus f o r  endocrine regu- 
l a t i o n  has been hypothesized t o  be t h e  changes i n  p u l s e  p re s su re ,  blood p res su re ,  blood 
volume, serum sodium concen t r a t ion  o r  t o n i c i t y  o f  the body f l u i d s  i n  gene ra l ,  o r  sodium 
concentrat ion o r  t o n i c i t y  i n  the d i s t a l  t u b u l a r  f i l t r a t e .  
blood volume o r  ECF volume may s e r v e  as s t i m u l i  t o  c e n t r a l  nervous i n t e g r a t i o n  centers 
and a r e  r e l ayed  t o  the kidney by the autonomic nervous system, 
category a l s o  inc ludes  the hypothesis  t h a t  ADH i s  involved i n  renal hemodynamics, w h i c h  
may have some effect on p e r i p h e r a l  v a s c u l a r  r e s i s t a n c y  (Perlmutt ,  19681, although a t  normal 
ranges o f  phys io log ica l  concen t r a t ion  o f  ADH, th i s  funct ion i s  doub t fu l  ( P i t t s ,  p. 37, 1963). 
The hormone renin, which i s  presumably produced by the j u x t a  glomerular appa ra tus  ( J G A )  may, 
i n d i r e c t l y  o r  d i r e c t l y ,  e f f e c t  RPF (Castenfors ,  1 9 6 7 ~ 1 ,  It  has been pos tu l a t ed  t h a t  changes 
i n  RPF rep resen t  changes i n  renin s e c r e t i o n  by t h e  JGA, which i n  t u r n  c a t a l i z e s  the angio- 
tensin system t o  s t i m u l a t e  t h e  s e c r e t i o n  o f  mine ra loco r t i co ids .  I n  a d d i t i o n ,  sodium 
concen t r a t ion  i n  'the plasma, o r  i n  t h e  d i s t a l  t u b u l a r  f i l t r a t e ,  may s e r v e  s p e c i f i c a l l y  
t o  r e g u l a t e  renin secret ion. .  R e n i n  i s  thought t o  r e g u l a t e  r e n a l  blood flow either by 
changing t o t a l  e f f e c t i v e  blood volume d i s t r i b u t i o n  o r  by changing the t o n e  of the a f f e ren t  
a r t e r i o l e s ,  i n d i c a t i n g  t h a t  two mechanisms may be involved s e p a r a t e l y  o r  i n  combination: 
1) e l e c t r o l y t e  r e g u l a t i o n  o f  renin; 2 )  renin regu la t ion  o f  e l e c t r o l y t e s ,  p r imar i ly  sodium 
and potassium (Davis,  1961; Cas ten fo r s ,  1967a; Tobian, 1967). 

The neurologic  c o n t r o l  o f  t h e  kidney has been well documented (Castenfors ,  1967c; 
Tobian, 1967: Pearce,  19681, and i n  a d d i t i o n ,  the sensory system f o r  such con t ro l  i s  
thought t o  be r e l a t e d  t o  changes i n  blood voluae and i n  ECF volume (Gauer and Henry, 1963: 
Tobian, 1967). 
s e r v e  t o  dec rease  RPF i n  the c o n t r o l  subjects. However, t h e  slowly changing BV i s  not 
analogous t o  t h e  immediate effect o f  hypovolemic o r t h o s t a t i c  responses  which  i s  assumed 
t o  be o f  neurologic  o r i g i n .  The l a t t e r  response invo lves  a t r a n s i e n t  a l t e r a t i o n  i n  the 
d i s t r i b u t i o n  o f  blood, the effect o f  which i s  a reduct ion i n  c e n t r a l  blood volume and a 
transient reduct ion o f  RPF (Tobian, 1967). Exercise  a lone  has been shown t o  reduce RPF, 
ei ther i n  t h e  up r igh t  (Chapman et a l . ,  1948: Whi te  and Rolf,  1948) o r  recumbent p o s i t i o n s  
(Cas t en fo r s ,  1967a; Grimby, 1965). T h i s  response has  been shown t o  be o f  nervous o r i g i n  
(Bozovic and Cas ten fo r s ,  1967a; Cas t en fo r s ,  1967b). Therefore ,  i t  seems t h a t  i n  immediate 

Th i s  e r r o r  i s  somewhat smaller than 

I f  three e x e r c i s e r s  (subject 1 was e l imina ted  from d i scuss ion  o f  

The slowly inc reas ing  

Renal r e g u l a t i o n  has been the sub jec t  o f  a g r e a t  deal o f  s tudy,  a l though most o f  

I n  a d d i t i o n ,  changes i n  

The endocrine c o n t r o l  

I n  the present  s tudy,  the slowly diminishing blood volume (BV) d i d  not 
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changes o f  blood, nervous c o n t r o l  media tes  t h e  changes i n  RPF i n  concer t  wi th  c i r c u l a t o r y  
dynamics. However, the long term r e g u l a t i o n  o f  RPF i n  s t a t i c  c o n d i t i o n s  i s  unknown. O f  
t he  two p o s s i b l e  c o n t r o l  sys tems,  endoc r ine  and neurogenic,  p re sen t  evidevlce i n d i c a t e s  
t h a t  the  kidney blood f low i s  p r i m a r i l y  r egu la t ed  by nervous i n p u t ,  a l though au to regu la -  
t i o n  by t h e  r en in -ang io tens in  system cannot be r u l e d  o u t .  I t  has  been shown t h a t  even 
the J G A  may have a nervous supply  ( B a r a j a s ,  19641, which, o f  cour se ,  emphasizes nervous 
r a t h e r  than  endoc r ine  c o n t r o l  o f  r e n a l  c i r c u l a t i o n .  

The f a c t o r s  o f  r e n a l  r e g u l a t i o n  mentioned above resemble t h e  mechanisms o f  ca rd io -  
v a s c u l a r  r e g u l a t i o n ,  i n  t h a t  t h e r e  would appear  t o  be comp9nents o f  a u t o r e g u l a t i o n  a s  
well a s  nervous and endoc r ine  c o n t r o l .  The c a r d i o v a s c u l a r  system has been the sub jec t  
of g r e a t  interest i n  bed rest and space  f l i g h t  s t u d i e s ,  w i th  decond i t ion ing  n f  t h e  
c a r d i a c  r e sponse  t o  o r t h o s t a t i c  s t i m u l i  being observed i n  both c o n d i t i o n s .  (McCally and 
Lawton, 1963). Normally, approximately one  t o  two weeks i s  necessary  f o r  return t o  normal. 
S ince  RPF r e p r e s e n t s  an i n t e g r a l  p a r t  o f  the c a r d i o v a s c u l a r  system, i t  may be p o s t u l a t e d  
a s  undergoing t h e  same t y p e  o f  decond i t ion ing  du r ing  s i t u a t i o n s  where no s t i m u l i  t o  t h e  
e f f e c t o r  organs  a r e  pe rmi t t ed .  
r e s t i n g  s t a t e s ,  bu t  such an e f f e c t  i s  not implied by the  analogy t o  the  t i l t  t a b l e  c a r d i a c  
response.  
o f  the  c e n t r a l  blood volume, the response  of  the kidney t o  e x e r c i s e  i n  the p resen t  i n v e s t -  
i g a t i o n  can be compared t o  t he  t i l t  t a b l e  r e sponse  (having i n  comaon an inc reased  volume 
o f  blood con ta ined  i n  t h e  e x t r e m i t i e s ) .  T h i s  w i l l  be d i scussed  l a t e r  i n  the s e c t i o n  
concerning t h e  phys io log ica l  r e sponse  t o  e x e r c i s e .  

Such a decond i t ion ing  could a f f e c t  t h e  kidney du r ing  

However, inasmuch as  the s t imu lus  i n  o r t h o s t a t i c  hypotension i s  a r e d i s t r i b u t i o n  

Glomerular f i l t r a t i o n  r a t e  (GFR) was shown i n  P a r t  111 t o  be a r e p e a t a b l e  measure- 
m e n t  ove r  21 hour pe r iods  du r ing  pre-bed rest .  T h i s  i s  i n  agreement w i t h  Doolan et  a l .  
(1962) who found 24 hour c l e a r a n c e t o  be r e l i a b l e  upon r e p e a t  measurements. I n  a d d i t i o n ,  
a l l  gene ra l  t r e n d s  o f  t h e  in t ra -group response  were rep resen ted  by t h r e e - f o u r t h s  o f  t h e  
subj  e c t  s con s i  stent 1 y , 

The r e l a t i o n  o f  GFR t o  t u b u l a r  f u n c t i o n  i s  p r e s e n t l y  t h e  s u b j e c t  o f  intense inves t -  
j g a t i o n .  Recent rev iews  (Leysac,  1967; Berliner,l968; Rector  et a l . ,  1964)have concluded t h a t  
t h e  nephrons can a c t  independent ly  o f  GFR, wh i l e  ear l ier  s t u d i e s  had shown convinc ingly  
t h a t  t u b u l a r  func t ion  was g r e a t l y  in f luenced  by GFR (Davis,  1961). Inasmuch a s  e l e c t r o -  
l y t e  metabolism r e p r e s e n t s  t h e  eQd product o f  r e n a l  f u n c t i o n ,  f u r t h e r  development of 
t h i s  po in t  w i l l  be de layed  f o r  t h e  e l e c t r o l y t e  ba lance  d i s c u s s i o n .  

Our obse rva t ion  o f  a dec reased  GFR a t  n igh t  ag rees  wi th  t h e  f i n d i n g s  o f  o t h e r s  
(Bors t  and d e  Vries, 1950; S i r o t a  et a l . ,  1991 ,  a l though there was a g r e a t e r  r educ t ion  
i n  t h e  p re sen t  s tudy .  The r educ t ion  o f  GFR and o f  ur ine f low a r e  probably  an i n d i c a t i o n  
o f  dec reased  renal metabolism, s i n c e  i n  a d d i t i o n ,  e l e c t r o l y t e  e x c r e t i o n  has been shown 
t o  d e c r e a s e  a t  n igh t  ( S i r o t a  et &., 1950; Vogt et a l . ,  1965). 

Uri n a z  E l e c t  r o  l y t  esl -- -- 
Of t h e  three b a s i c  q u e s t i o n s  r a i s e d  i n  t h e  present i n v e s t i g a t i o n ,  the  primary 

a t t e n t i o n  has been cen te red  on a l t e r a t i o n s  o f  metabolism and water  exchange. The 
a n a l y s i s  o f  wa te r  exchange has  shown t h a t  t h e r e  was an inc reased  r a t e  of  u r i n e  product ion .  
The exac t  n a t u r e  o f  t h e  n e g a t i v e  ivater ba l ance  can be b e s t  c h a r a c t e r i z e d  by s o l u t e  
exchange and s o l u t e - f r e e  wa te r  exchange. 
t h e  r e g u l a t i o n  o f  TBW comes through osmot ic  concen t r a t ion  o r  through volume o f  t h e  ECF. 

The re fo re ,  t h e  ques t ion  a r i s e s  a s  t o  whether 

P rev ious  s t u d i e s  o f  t h e  d i u r e s i s  o f  recumbency have shown t h a t  t h e r e  i s  both an 
inc reased  osmot ic  and free wa te r  c l e a r a n c e  i n  recumbency ( S d r t s h i n  
and Smith, 1951; Streeten and S p e l l e r ,  1966). Each o f  t h e s e  i n v e s t i g a t i o n s  demonstrated 

and White, 1956; H u l e t  

1 - 
'Only o s m o l a l i t y  and sodium a r e  d i s c u s s e d  i n  t h i s  s e c t i o n ;  o t h e r  u r i n a r y  c o n s t i t u e n t s  

w i l l  be d i scussed  i n  t h e  fo l lowing  s e c t i o n .  
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t h a t  sodium was the main o s m o t i c a l l y  a c t i v e  u r i n a r y  component t h a t  was i n c r e a s e d ,  and 
t h a t  the f r e e  wa te r  d i u r e s i s  was secon ja ry  t o  t h e  inc reased  osmot ic  c l e a r a n c e  o f  sodium. 
Thcse s t u d i e s  l a s t e d  f o r  less than  24 hours ,  w i t h  c l e a r a n c e s  measured ove r  pe r iods  o f  
l e s s  than s e v e r a l  hours.  Osmotic and free wa te r  c l e a r a n c e s  i n  the present i n v e s t i g a t i o n  
were c a l c u l a t e d  f o r  24 hour p e r i o d s ,  w i t h  a 24 hour c o l l e c t i o n  o f  urine r e p r e s e n t i n g  the  
average  o s m o l a l i t y  (Uosm) .2 While t he  s u b j e c t s  were recumbent, however, on ly  one plasma 
sample was c o l l e c t e d  f o r  de t e rmina t ion  o f  plasma o s m o l a l i t y  (Posm) i n  t h e  morning. 
During bed rest t h i s  sample was approximately r e p r e s e n t a t i v e  o f  one 24 hour Posm. However, 
du r ing  pre- and post-bed rest p e r i o d s ,  when there were a l t e r n a t i n g  p e r i o d s  o f  ambulation 
and recumbency, t h e  sample Posm d i d  not r e p r e s e n t  t h e  average  24 hour o s m o l a l i t y ,  inasmuch 
a s  i t  has  been shown t h a t  Posm changes a s  much a s  10 mOsm/L from the recumbent t o  the 
e r e c t  pos tu re  ( S u r t s h i n  and White, 1956: Streeten and S p e l l e r ,  1966). For t h i s  r eason ,  
ano the r  method was sought f o r  de t e rmina t ion  o f  24 hour osmot ic  and f r e e  wa te r  c l ea rances .  
Some a u t h o r s  have used e s t ima ted  va lues  i n  t h e  c a l c u l a t i o n  o f  Cosm and CH20 when average  
Posm i s  unknown ( H u n t ,  1967; McCally and Bernard,  1968). Refe r r ing  t o  t h e  formulas  f o r  
t h e s e  two parameters  (see P a r t  1111, the  i n c l u s i o n  o f  a cons t an t  Posm results i n  a v a l u e  
i d e n t i c a l  t o  the c a l c u l a t e d  s o l u t e  o u t p u t ,  o r  VUosm. The va lue  f o r  CH20 becomes merely 
an expres s ion  o f  t h e  r e l a t i o n s h i p  o f  VUosm w i t h  urine volume. 
VUosm, an e s t i m a t e  o f  Cosm and CH20 can be  made without the use o f  a f i x e d  Posm. The 
c a l c u l a t e d  c l e a r a n c e s  du r ing  bed rest a r e  assumed t o  be a c c u r a t e ,  and comparison o f  Cosm 
and CH20 w i t h  the  p a t t e r n  o f  osmot ic  ou tpu t  and o s m o l a l i t y  ( f i g u r e  3 .3  show s i m i l a r  
t r e n d s .  

By comparing Uosm and 

Both methods o f  c a l c u l a t i o n  o f  osmot ic  and f r e e  wa te r  e x c r e t i o n  showed a mixed 
d i u r e s i s  d u r i n g  bed rest .  The e x e r c i s e  s u b j e c t s  demonstrated s i m i l a r  dec reas ing  osmot ic  
and f r e e  wa te r  c l e a r a n c e s  i n  two o f  t h e  f o u r  days  measured, and a s l i g h t l y  l a r g e r  osmot ic  
than  f r e e  wa te r  c l e a r a n c e  on the o t h e r  two days .  The re fo re ,  the t o t a l  wa te r  l o s s  o f  t h e  
e x e r c i s e r s  i s  assumed t o  be the result o f  a nea r  i s o t o n i c  body f l u i d  c o n t r a c t i o n .  The 
c o n t r o l s  showed an a l t e r a t i o n  o f  t r e n d s  i n  free w a t e r  and osmot ic  c l e a r a n c e  on  day 15 ( i t  
w i l l  be r e c a l l e d  t h a t  day 15 was p rev ious ly  shown t o  be  t h e  on ly  day on which there was a 
r e t e n t i o n  o f  wa te r ) .  
h ighe r  than  pre-bed rest  l e v e l s ,  whereas a f t e r  day 15, both c l e a r a n c e s  were s u b s t a n t i a l l y  
decreased  i n  r e l a t i o n s h i p  t o  b a s e l i n e  l e v e l s .  CH20 was e l e v a t e d  i n  the  c o n t r o l s , r e l a t i v e  
t o  day 9 l e v e l s ,  t o  a g r e a t e r  e x t e n t  tharl Cosm throughout bed res t ,  t h u s  i n d i c a t i n g  a 
s l i g h t  hype r ton ic  c o n t r a c t i o n  ( w i t h  a c o n t r o l l e d  wa te r  i n t a k e ,  no d i l u t i o n  o f  body f l u i d s  
could  have occurred  a s  a r e s u l t  o f  an inc reased  i n p u t ,  and wa te r  exchange d a t a  d i d  not 
i n d i c a t e  t h a t  such a s i t u a t i o n  occur red ) .  The r e l a t i v e l y  unchanged o s m o l a l i t y  i n  both 
groups d u r i n g  bed rest i n  c o n t r a s t  t o  a changing VUosm, compares f avorab ly  w i t h  the obser -  
v a t i o n s  o f  Hulet and S n i t h  (1961) i n  s h o r t  term recumbency s t u d i e s .  

A t  the onse t  o f  bed rest ,  osmot ic  and free wa te r  c l e a r a n c e s  were 

The comparison o f  sodium c l e a r a n c e s  shows t h a t  the p a t t e r n  o f  VLlosm i s  i d e n t i c a l  t o  
VUna/Pna (sodium c l e a r a n c e )  i n  both groups.  I n  a d d i t i o n ,  t h e  changes i n  Una ( u r i n a r y  
sodium c o n c e n t r a t i o n )  were r e l a t i v e l y  s l i g h t  ( s i m i l a r  t o  Uosm), whereas the changes i n  
VUna ( e x c r e t i o n  rate,)(<Eq/min) were d i s t i n c t l y  changed i n  a p a t t e r n  similar t o  VUosm. 
T h i s  would i n d i c a t e  t h a t  t h e  s o l u t e  e x c r e t i o n  may have been p a s s i v e l y  followed by free 
wa te r ,  and was l a r g e l y  a s s o c i a t e d  w i t h  sodium e x c r e t i o n .  T h i s  con ten t ion  has been summar- 
i zed  by H u l e t  and Smith (1961) a s ,  t h e  "Primacy o f  Inc reased  Sodium Excretion". 

The d a t a  from the recovery  pe r iod  in both  groups showed a very  l a r g e  osmot ic  and 
sodium r e t e n t i o n ,  a l though  u r i n a r y  o s m o l a l i t y  was on ly  s l i g h t l y  changed, i *e . ,  t h e r e  was 
an i s o t o n i c  expansion and an o b l i g a t o r i l y  decreased  free wa te r  e x c r e t i o n ,  which was t h e  
r e v e r s e  o f  t h e  t r e n d  d u r i n g  bed rest. 
involved  i n  wa te r  r e t e n t i o n .  The c o n t r o l s  showed a s l i g h t l y  l a r g e r  osmot ic  r e t e n t i o n  t h a n  
wa te r  r e t e n t i o n ,  which was a l s o  s i m i l a r  t o  t h e  s i t u a t i o n  observed d u r i n g  bed rest, i . e . ,  
a predominantly s o l u t e ,  r a t h e r  than  f r e e  w a t e r  p a t t e r n .  

Hence, d u r i n g  r ecove ry ,  sodium was the primary s o l u t e  

The d i s c u s s i o n  immediately p reced ing  may s e r v e  t o  exp la in  t h a t  t h e  d i u r e s i s - a n t i -  
d i u r e s i s  and natriuresis-antinatriuresis mechanisms a c t e d  concomi tan t ly  throughout the 

21n t h e  p re sen t  s tudy ,  no d i s t i n c t i o n  has  been made between o s m o l a l i t y  and osmola r i ty .  
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two exper imenta l  per iods .  I f  on ly  ADH were a c t i v e  i n  promoting t h e  f l u i d  r e t e n t i o n ,  
u r i n a r y  c o n c e n t r a t i c n s  would be  inc reased ,  and likewise, i f  on ly  sodium r e t e n t i o n  
mechanisms c o n t r o l l e d  the  response ,  u r i n a r y  c o n c e n t r a t i o n s  would be decreased .  By 
admin i s t e r ing  a po ten t  m i n e r a l o c o r t i c o i d  a f t e r  f o u r  days  o f  recurnbency f o r  a per iod  
o f  two days ,  S tevens  and Lynch (1965) have provided ev idence  that sodium a l o n e  may 
media te  t h e  l o s s  o f  body water.  
aqd s a l t  du r ing  t h e  f i n a l  two days  o f  recumbency. However, serum sodium was not measured, 
and u r i n a r y  sodium concen t r a t ion  was not r e p o r t e d ;  hence, i t  i s  not p o s s i b l e  t o  s t a t e  
whether a hype r ton ic  expansion (due  t o  sodium r e t e n t i o n  i n  excess  o f  wa te r )  o r  an i s o t o n i c  
expansion occur red .  

They r epor t ed  a complete r e v e r s a l  o f  t h e  l o s s  of wa te r  

Elect ro 1 y t  e !et abo 1 i sa --- 
Pr%ious ly ,  i t  has been s t a t e d  t h a t  t h e  e x e r c i s e r s  i n  t h e  p re sen t  i n v e s t i g a t i o n  

u n d e r w e n t  an i s o t o n i c  c o n t r a c t i o n ,  and t h e  c o n t r o l s  a s l i g h t  hype r ton ic  c o n t r a c t i o n  o f  
body f l u i d s .  
e l e c t r o l y t e  c o n c e n t r a t i o n s  a r e  r s p r e s e n t a t i v e  o f  t h e  t o t a l  ECF e l e c t r o l y t e  con ten t .  
The change i n  the  ECF volume o v e r  a pe r iod  o f  s e v e r a l  days  would not result i n  any 
a p p r e c i a b l e  e r r o r  i n  t h e  use o f  t h e  f i xed  volumes of  13.5 L and 13.2 L f o r  t h e  e x e r c i s e  
and c o n t r o l  g r o u p s , r e s p e c t i v e l y .  A p rev ious  10 day bed rest s tudy  showed a l o s s  o f  1.1 L 
i n  f o u r  days  and 2.2 L i n  10 days  (Vogt and Johnson,l967a). However, t h e  use o f  t h e  
e s t ima ted  ECF volume i n  t h e  p re sen t  s tudy  i s  r e s t r i c t e d  t o  comparisons o v e r  s h o r t  pe r iods  
o f  time. 

W i t h  t h e  absence o f  any l a r g e  g a i n  o r  l o s s  o f  f r e e  wa te r ,  t h e  serum 

The c a l c u l a t i o n  o f  sodium and c h l o r i d e  ba l ance  by both methods showed t h a t  t h e  
c o r r e c t e d  day 9 ba lances  were h ighe r  than  t h e  ba l ances  c a l c u l a t e d  by the  more a c c u r a t e  
input -output  method. 
i n  t h e  sweat,  and due  t o  t h i s  omiss ion ,  t h e  c a l c u l a t i o n s  f o r  both groups i n  pre-bed rest 
show p o s i t i v e  ba lances .  
(mean o f  451, a l though va lues  a s  low a s  6 mEq/L have been recorded  i n  hea t  adapted s u b j e c t s  
(Robinson and Robinson, 1954).  Average e x c r e t i o n  du r ing  pre-bed rest  was 0.36 L o f  sweat ;  
hence, t h e  aaount of sodium and c h l o r i d e  l o s t  would be  approximately 15 mEq, w h i c h  i n  both 
groups ,  i s  approximate ly  equal  t o  t h e  p o s i t i v e  ba l ance  c a l c u l a t e d  from lnrinary input -output  
d a t a .  During bed res t ,  t h e  c o n t r o l s  had no a c t i v e  p e r s p i r a t i o n  o f  consequence, wh i l e  t h e  
e x e r c i s e r s  exc re t ed  approximate ly  0.35 L o f  sweat i n  each o f  t h e i r  e x e r c i s e  bouts .  The 
e x c r e t i o n  o f  s a l t  i s  s a i d  t o  be  a d a p t i v e  ove r  a per iod  o f  two t o  f i v e  days ,  and can dec rease  
from approximate ly  40 mEq/L t o  10 ,nEq/L w i t h i n  t h i s  per iod .  I n  a d d i t i o n ,  v a r i o u s  o t h e r  
f a c t o r s ,  such a s  low environmental  t empera ture ,  s h o r t  p e r i o d s  o f  sweat ing ,  smal l  volumes 
o f  sweat,  and n e g a t i v e  sodium-chloride ba lance ,  cause  lower c o n c e n t r a t i o n s  i n  sweat (Rob- 
inson  and Robinson, 1954).  With t h e s e  c o n s i d e r a t i o n s  i n  mind, t h e  average  amount o f  sodium 
and c h l o r i d e  exc re t ed  ove r  t h e  n i n e  days  o f  bed rest  was e s t ima ted  t o  be 10 mEq/L o r  7 mEq/ 
day. 
l o s s  not accounted f o r ,  o r  a ba l ance  o f  -122 mEq i n  t h e  e x e r c i s e  group on day 18. The 
amount o f  potassium l o s t  i n  t h e  sweat i s  n e g l i g i b l e  a t  t h e  sweat r a t e s  i n  t h e  p re sen t  exper- 
i m e n t .  

The l a t t e r  method does  not i n c l u d e  t h e  sodium and c h l o r i d e  l o s t  

The aaount o f  sodium and c h l o r i d e  i n  sweat v a r i e s  by 18-97 mEq/L 

For  t h e  f o u r  days  used i n  c a l c u l a t i n g  t h e  cumula t ive  ba lance ,  t h i s  r e p r e s e n t s  28 mEq 

An a d d i t i o n a l  c o n s i d e r a t i o n  on r e n a l  test days  was the i n g e s t i o n  o f  800 m l  o f  wa te r  
30 min p r i o r  t o  t h e  b a s a l  blood sample. 
no more than  two t o  f i v e  minutes.  I n  a p rev ious  s tudy  (Baldes and Smi rk ,  19341, i t  was 
shown t h a t  wa te r  up take  beg ins  approximate ly  y hour a f t e r  i n g e s t i o n  o f  a wa te r  l oad ,  and 
t h a t  maximum up take  o c c u r s  a t  1 hour pos t  a d m i n i s t r a t i o n .  The d i l u t i o n  o f  serum i n  t h e  
p re sen t  experiment by t h e  p re l imina ry  uptake  a t  30 m i n  was c e r t a i n  t o  have occurred .  
eve r ,  any such d i l u t i o n  was c o n s i s t e n t  th roughout  t h e  experiment,  a s  t ime o f  a d m i n i s t r a t i o n  
and volume of  t h e  load  were c a r e f u l l y  c o n t r o l l e d .  I t  i s  r e a l i z e d  t h a t  t h e  sodium and 
c h l o r i d e  from t h e  blood e q u i l i b r a t e  w i th  d i s t i l l e d  wa te r  i n  the g a s t r o e n t e r i c  system; 
however, t h i s  was probably  n e g l i g i b l e  a t  t h e  time when samples were taken. 
t h e  r e l a t i v e  comparison o f  t h e  serum v a l u e s  i s  not though t o  be a f f e c t e d  by t h i s  procedure ,  
a l though serum v a l u e s  may have been c o n s i s t e n t l y  lowered t o  a s l i g h t  degree.  

The time l a p s e  was p r e c i s e  and u s u a l l y  v a r i e d  by 

How- 

There fo re ,  

After two days  o f  bed rest, t h e  ECF sodium o f  t h e  exercise group was inc reased  by 
I n  a d d i t i o n ,  d i e t a r y  input  was reduced by 

There fo re ,  t o  i n c r e a s e  blood l e v e l s  i n  t h e  absence o f  hemo-concentration, 
40  mEq and u r i n a r y  e x c r e t i o n  by 30 mEq/day. 
50 mEq/day. 
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a t o t a l  of 120 mEq must have been added t o  t h e  ECF. An a d d i t i o n a l  7 mEq o r  more, due 
t o  sodium l o s s  i n  the  sweat,  r e s u l t s  i n  a t o t a l  sodium l o s s  o f  127 mEq. An i d e n t i c a l  
s i t u a t i o n  e x i s t e d  i n  t h e  c o n t r o l  s u b j e c t s  on day 12 ,  i n  t h a t  sodium i n  t h e  ECF was 
inc reased  by 50 mEq and input -output  ba l ance  was -103 mEq. I t  fo l lows  t h a t  approximately 
130 mEq o f  sodium was added t o  t h e  ECF and subsequent ly  l o s t  v i a  t h e  kidney. Lynch gt- - a l .  (19671, i n  a s tudy  o f  sodium ba lance  du r ing  prolonged recumbency, showed a l o s s  o f  
137 mEq sodium ove r  a t o t a l  o f  28 days.  
i n  the  p resen t  s tudy  i s  c l o s e  t o  t h e  amount l o s t  ove r  28 days ,  and t h a t  t h e  nega t ive  
ba lance  d iminished  throughout bed rest ,  sugges t s  t h a t  t h e  l o s s  o f  sodium i s  nea r ly  com- 
p l e t e  a f t e r  a few days ,  and t h a t  l onge r  pe r iods  o f  bed rest may not i n c r e a s e  the nega t ive  
ba lance .  There  have been o t h e r  r e p o r t s  o f  i nc reased  sodium e x c r e t i o n  v v i t h i n  t h e  f i r s t  
24 t o  48 hours o f  bed r e s t ,  followed by a d imin i sh ing  u r i n a r y  sodium ou tpu t .  I n  these 
s t u d i e s ,  serum sodium was observed  t o  be r e l a t i v e l y  unchanged a f t e r  one  week [Birkhead 
- et &., 1963; S tevens  and Lynch, 1965; Vogt a l . ,  1965; Lynch e t  a l . ,  1967). In o r d e r  
t o  account f o r  t h e  nega t ive  ba l ances  observed i n  t h e  p re sen t  s tudy ,  i t  i s  suggested t h a t  
sodium i s  r e l e a s e d  from a r e s e r v e  o u t s i d e  t h e  ECF. The l a r g e s t  sodium r e s e r v e  i n  t h e  
body i s  cancellous bone, which when combined wi th  s e v e r a l  o t h e r  r e s e r v e s  o f  t h e  body, 
amounts t o  approximate ly  2900 :nEq o f  exchangable sodium i n  a 70 kg man [Edelman and Leibman, 
1959). I t  i s  t e n t a t i v e l y  hypothes ized  t h a t  t h e  bone r e s e r v e s  and o t h e r  sou rces  o f  exchang- 
a b l e  sodium r e l e a s e d  t h e  sodium t h a t  was added t o  t he  ECF. S t u d i e s  w i t h  sodium d e f i c i e n t  
d i e t s  i n  man have shown t h a t  sodium can be mobi l ized  i n  pe r iods  a s  s h o r t  a s  48 hours ( J a g g e r  

i l i z e d  i n  s i x  hours  (Nicho l s  and Nichols ,  1956). Based on r e s u l t s  i n  t h i s  i n v e s t i g a t i o n ,  
i t  seems reasonab le  t o  assume t h a t  u t i l i z a t i o n  o f  sodium r e s e r v e s  could have accounted f o r  
t h e  nega t ive  sodium ba lance .  A f t e r  f i v e  days  o f  recumbency, t h e  e x e r c i s e  group had changed 
t o  a p o s i t i v e  ba l ance  and had dec reased  t h e  ECF sodium. A p o s i t i v e  ba l ance  and a decrement 
i n  ECF l e v e l s  i n d i c a t e s  t h a t  t h e r e  was no f u r t h e r  r e l e a s e  o f  sodium from the  r e se rves .  I n  
c o n t r a s t ,  t h e  c o n t r o l s  showed a s l i g h t l y  inc reased  serum sodium and a nega t ive  ba l ance ,  
which i n d i c a t e s  a cont inued  sodium r e l e a s e ,  a l though o f  lesser magnitude than  on day 12. 
There  was a slow d e c l i n e  o f  ECF sodium con ten t  on t h e  remaining days  o f  bed rest t h a t  was 
equal  t o  the l o s s  o f  sodium i n  t h e  u r i n e .  Hence, t h e  a d d i t i o n a l  nega t ive  ba lance  i n  t h e  
c o n t r o l s  l i k e l y  occur red  a t  t h e  expense o f  t h e  ECF. As p rev ious ly  mentioned, there was 
a s l i g h t  hype r ton ic  c o n c e n t r a t i o n  o f  body f l u i d s  i n  t h e  c o n t r o l s ,  which could have shown 
t h e  ECF sodium content  t o  be d e c e p t i v e l y  h igh ,  i .e. ,  ECF sodium was decreased  more than  
i s  apparent  from t h e  d e c r e a s e  i n  t h e  e s t ima ted  va lues .  

The f a c t  t h a t  t h e  t o t a l  sodium l o s t  o v e r  4 days  

al-., 1963). I n  s t u d i e s  conducted on a c u t e  a c i d o t i c  dogs,  14.9 mEq/kg o f  sodium was mob- 

The cumula t ive  f o u r  day sodium ba lances  demonst ra te  a d d i t i o n a l  ev idence  t h a t  t h e r e  
was some degree  o f  exchange between t h e  wa te r  and non-water compartments du r ing  bed rest .  
Sodium was i n  nega t ive  ba l ance  by 9 3  m E q  i n  t h e  exercisers, and 140  mEq i n  the  c o n t r o l s .  
With t h e  average  c o n c e n t r a t i o n s  o f  serux sodium measured i n  t h i s  exper iment ,  t h i s  repre- 
sents a l o s s  o f  0.7 L o f  ECF i n  t he  exercisers and approximately 1 L i n  t he  c o n t r o l s .  
However, on t h e s e  days ,  u r i n e  f low was inc reased  ove r  pre-bed rest  va lues  by an average  
o f  10 m l  i n  e x e r c i s e r s  and 100 m l  i n  c o n t r o l s , 3  which i n d i c a t e s  f u r t h e r  t h a t ,  unless a 
very  l a r g e  c o n c e n t r a t i o n  e f f e c t  took p l a c e ,  n e a r l y  a l l  o f  t h e  nega t ive  ba l ance  was due  
t o  t h e  a d d i t i o n  o f  sodium from o u t s i d e  t h e  ECF. 

Following bed r e s t , t h e r e  was aga in  an exchange o f  sodium w h i c h  was not accountable  
I n  s p i t e  o f  a l a c k  o f  hemo-dilution, and i n  t h e  p resence  o f  a by t h e  methods employed. 

marked a n t i - n a t r i u r e s i s ,  ECF l e v e l s  were f u r t h e r  reduced a f t e r  one day o f  recovery  i n  the 
c a s e  o f  t h e  c o n t r o l s ,  and a f t e r  s ix  days  i n  t h e  exercisers. Although exac t  ba lance  d a t a  

3The inc reased  u r i n e  volumes compared w i t h  pre-bed rest v a l u e s  were 70 m l  i n  t he  
e x e r c i s e r s  and 130 m l  i n  t h e  c o n t r o l s :  however, 60 m l  and 30 rnl o f  wa te r  i n  excess  o f  
wa te r  requirements was given t o  e x e r c i s e r s  and c o n t r o l s ,  r e s p e c t i v e l y ,  du r ing  bed rest ,  
which r e s u l t e d  i n  an a c t u a l  i n c r e a s e  i n  ur ine volume by 10 m l  i n  t h e  e x e r c i s e r s  and 
100 m l  i n  t h e  c o n t r o l s .  
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i s  not  a v a i l a b l e ,  t he  s u b j e c t s '  d a i l y  l o g s  d i d  not show a decreased  e l e c t r o l y t e  i n t a k e  
i n  the  d i e t s  d u r i n g  the  recovery  per iod .  
between a sodium r e t e n t i o n  and decreased  ECF l e v e l s  i s  a r e t u r n  o f  sodium o f  t h e  r e s e r v e s .  
The s t u d i e s  o f  rzcovery  fo l lowing  sodium d e p l e t i o n  by Jagga r  et a l .  (19631, suppor t s  
t h i s  con ten t  ion .  

The on ly  exp lana t ion  f o r  t h e  d i sc repancy  

Comparison o f  t h e  two groups  shows t h a t  t h e  e x e r c i s e  group d i d  not l o s e  sodium t o  
t h e  deg ree  observed i n  t he  c o n t r o l s .  With t h e  a d d i t i o n  o f  t h e  e s t ima ted  l o s s  o f  sodium 
i n  t h e  sweat,  there was s t i l l  a 20 t o  30 mEq g r e a t e r  l o s s  i n  t h e  c o n t r o l s .  
recovery ,  t h e  c o n t r o l s  may have r e f l e c t e d  a g r e a t e r  l o s s  by a marked a n t i n a t r i u r e s i s .  
T h i s  i s  i n  c o n t r a s t  t o  t h e  r e t e n t i o n  o f  wa te r  du r ing  r ecove ry ,  i n  which the e x e r c i s e r s  
showed a g r e a t e r  a b i l i t y  t o  r e g a i n  t h e  wa te r  l o s t  du r ing  t h e  48 hours.  
noted t h a t  the a n t i n a t r i u r e s i s  o f  the c o n t r o l s  may have been d e c e p t i v e ,  i n  t h a t  t h e  
c o n t r o l s  i nc reased  EWL by 0.68 L dur ing  recovery ,  whereas t h e  e x e r c i s e r s ,  who had pre- 
v i o u s l y  been e x c r e t i n g  0.70 L sweat d a i l y  du r ing  bed res t ,  i nc reased  EWL by 0.19 L. 
Robinson and Robinson (1951) f e l t  t h a t  w i th  inc reased  sweat ing ,  preceded by a long  
per iod  o f  minimal sweat e x c r e t i o n ,  t h e r e  was a p r o p o r t i o n a n t e l y  g r e a t e r  l o s s  o f  sodium. 
The re fo re ,  sodium may not have been a s  e f f e c t i v e l y  r e tu rned  t o  r e s e r v e s  i n  c o n t r o l s ,  a s  
i s  suggested by t h e  decreased  u r i n a r y  sodium ou tpu t  i n  the f i r s t  16 hours.  

During 

I t  should be 

Potassium ba lance  was c a l c u l a t e d  by a s i n g l e  method, i n  which day 9 was assumed t o  
be r e p r e s e n t a t i v e  o f  normal r e n a l  func t ion .  Comparison o f  t h i s  method wi th  t h e  input -  
ou tpu t  methods i n  sodium and c h l o r i d e  ba l ances  showed the  former t o  g i v e  l a r g e r  nega t ive  
ba l ances ,  a l though t h e  r e l a t i v e  d i f f e r e n c e  i n  ba l ances  between t h e  e x e r c i s e r  and c o n t r o l  
groups was s i m i l a r .  The re fo re ,  potassium ba lance  cannot be  c o n c l u s i v e l y  r e l a t e d  t o  ECF 
l e v e l s ,  a l though l a r g e l y  n e g a t i v e  ba l ances  a r e  assumed t o  b e  r e l i a b l e  i n d i c a t i o n s  o f  meta- 
b o l i c  t r e n d s .  Lynch et a l .  (1967) have shown t h a t  t h e r e  i s  l i t t l e  change i n  potassiwn l o s t  
i n  t h e  s t o o l s  d u r i n g  bed rest ( a  d e c r e a s e  o f  38 mEq ove r  28 days  was obse rved) .  
appear ,  t h e n ,  t h a t  t h i s  r o u t e  o f  potassium l o s s  can be cons idered  c o n s t a n t ,  which would 
l e a v e  on ly  changes i n  r e n a l  e x c r e t i o n  t o  account f o r  potassium ba lances .  

I t  would 

Losses  o f  potassium on t h e  f i r s t  day o f  recumbency were s u b s t a n t i a l l y  sma l l e r  
than  sodium. As t h e  bed rest pe r iod  p rogres sed ,  t h e r e  was a cont inued  increment o f  
potassium e x c r e t i o n  i n  c o n t r a s t  t o  sodium, i n  which t h e  l a r g e s t  e x c r e t i o n  and nega t ive  
ba l ance  occur red  on day 11. I n  a 14 day bed rest s tudy ,  Vogt et a1.(1965) observed t h a t  t h e  
inc reased  l o s s  o f  potassium was r eve r sed  a f t e r  8 days  o f  recumbency i n  t h e  non-exercising 
s u b j e c t s .  I n  t h e  p re sen t  s tudy ,  a s  bed rest p rogres sed ,  potassium l o s s e s  inc reased  w i t h -  
ou t  a concomitant d e c r e a s e  o f  ECF l e v e l s ,  which i n d i c a t e s  a r e l e a s e  o f  potassium from 
r e s e r v e s  

Cancellous bone and i n t r a c e l l u l a r  potassium a r e  t h e  two sources  o f  potassium a v a i l -  
a b l e  f o r  exchange w i t h  t h e  ECF. In a s tudy  o f  sodium d e p l e t i o n ,  Lobeck and Forbes (3958) 
have shown t h a t  a l though potassium i s  mobi l ized  from cancellous bone, the amount a v a i l a b l e  
f o r  exchange i s  ve ry  smal l .  However, i t  has been s t a t e d  t h a t  n e a r l y  a l l  o f  t h e  t o t a l  
body potassium con ta ined  i n t r a c e l l u l a r l y  i s  a v a i l a b l e  f o r  exchange (Moore 
Edelman and Leibman,l959).  Although t h e  sou rce  o f  potassium can not  be determined i n  t h e  
p re sen t  s tudy ,  t h e  presence  o f  a n e g a t i v e  potassium ba lance  i s  q u a l i t a t i v e l y  shown by t h e  
nega t ive  u r i n a r y  ba lance ,  and i n  a d d i t i o n ,  by t o t a l  body potassium counts .  The amounts 
l o s t  du r ing  bed r e s t , a s  determined by K40 coun t s ,  were 80 mEq i n  t h e  e x e r c i s e r s  and 
170 mEq i n  t h e  c o n t r o l s .  These  v a l u e s  compare q u a l i t a t i v e l y  wi th  t h e  u r i n a r y  ba l ances  
o f  -57 mEq and -152 mEq i n  the e x e r c i s e r s  and c o n t r o l s ,  r e s p e c t i v e l y .  I t  should be 
r e c a l l e d  t h a t  ba l ance  c a l c u l a t i o n s  i n  t h e  l a t t e r  va lues  were h ighe r  when compared w i t h  
input -output  c a l c u l a t i o n s ,  and t h a t  t h e s e  cumula t ive  ba l ances  a r e  t o t a l s  f o r  on ly  4 o f  
t h e  9 days  o f  bed rest, whereas K40 coun t s  r ep resen ted  a cumula t ive  ba lance  f o r  t h e  
ent i re  9 days  o f  bed rest. 

e., 1956; 

Unl ike  sodium e x c r e t i o n  fo l lowing  bed rest ,  potassium e x c r e t i o n  d i d  not r e f l e c t  
t h e  preceding  n e g a t i v e  ba l ance  by u r i n a r y  r e t e n t i o n  o f  t h i s  c a t i o n  bu t ,  i n s t e a d ,  remained 
unchanged from bed rest va lues .  
imbalance and t h e  mechanism o f  sodium r e t e n t i o n ,  which can be determined by sodium- 
potassium r a t i o s .  

These  t r e n d s  may be r e l a t e d  t o  t h e  magnitude o f  sodium 

152 



l a t t e r  being c l e a r l y  nega t ive  
potassium exchange may not be t h e  only means by w h i c h  sodium was l o s t :  or conver se ly , the  
admin i s t r a t ion  o f  an a ldos t e rone - l ike  drug may not r eve r se  a l l  of  the causes of  t h e  n a t r i -  
uresis. The observat ion o f  a slowly decreasing r a t i o  a f t e r  a b r i e f  i n i t i a l  i nc rease ,  has 
been reported i n  a s i m i l a r  prolonged recumbency study (Vogt et %I., 1965). 

I t  has been mentioned previously t h a t  GFR may not be a s  important a f a c t o r  i n  t h e  
con t ro l  of  sodium exc re t ion  a s  i t  was once thought.  I n  t h e  present s tudy,  comparison 
o f  t h e  f i l t e r e d  load and the c l ea rances  o f  sodium during bed rest showed t h a t  GFR has 
no r e l a t i o n s h i p  t o  sodium balance.  The con t ro l s  had a decreased GFR on day 11 and were 
i n  a l a r g e r  nega t ive  balance on t h a t  day than a t  any o t h e r  time during bed rest. The 
f i l t e r e d  load showed no c o n s i s t e n t  r e l a t i o n s h i p  t o  t h e  c l ea rances  i n  either group. 
Therefore ,  i t  appears t h a t  a f a c t o r  o t h e r  than GFR r e g u l a t e s  sodium exc re t ion  during bed 
rest. However, t h e r e  was a d i s t i n c t  r e l a t i o n s h i p  i n  both groups fol lowing bed rest, a s  
24 hour GFR was uniformly decreased on t h e  f i r s t  and t h i r d  days of  ambulation. 
percent s0diu.n reabsorbed on day 9 was c a l c u l a t e d  a s  99.0 percent i n  both groups, w h i l e  
on day 20, i t  was 99.5 percent and 99.6 percent i n  t h e  e x e r c i s e r s  and c o n t r o l s ,  respec- 
t i v e l y .  
day and a l s o  i n d i c a t e s  t h e  con t r ibu t ion  o f  t h e  reduced GFR i n  e s t a b l i s h i n g  t h e  a n t i -  
n a t r i u r e s i s .  

The 

The results for day 20 reflects t h e  t r end  of  a n t i n a t r i u r e s i s  observed on t h a t  

From a n a l y s i s  of  per t inent  results of  t h e  present  study, it i s  concluded t h a t  t h e  
t'wo c r i t e r i a  f o r  r e n a l  e l e c t r o l y t e  metabolism, sodium-potassium r a t i o s  and t h e  percent o f  
t h e  f i l t e r e d  load reabsorbed ( f r a c t i o n a l  r eabso rp t ion ) ,  do not explain t h e  negat ive bal-  
ances of  sodium and potassium during bed rest and, i n  f a c t ,  a r e  c l e a r l y  not r e l a t e d  t o  
t h e  renal  metabolism of  these e l e c t r o l y t e s .  However, fol lowing bed res t ,  these two f a c t o r s  
show a p a t t e r n  c o n s i s t e n t  w i t h  t h e  observed a n t i n a t r i u r e s i s ,  i .e.,  a lowered r a t i o  and an 
increased sodium reabsorpt ion.  

The s i m i l a r i t y  i n  t h e  trends o f  u r ina ry  exc re t ion  of  c h l o r i d e  t o  t h a t  o f  sodium has 
been mentioned previously.  
and recovery,  with both balances and c l ea rances  demonstrating s i m i l a r  p a t t e r n s .  
t h i s  was not t h e  c a s e  w i t h  ECF l e v e l s  o f  c h l o r i d e ,  a s  on day 12,  they were decreased 
58 mEq, whereas sodium was increased by 40 mEq. I n  add i t ion ,  t h e  con t ro l  s u b j e c t s  d i f f e r e d  
from t h e  e x e r c i s e r s ,  i n  t h a t  t h e  amount of  c h l o r i d e  l o s t  was much l a r g e r  than t h e i r  sodium 
l o s s .  
but d id  not dec rease  f u r t h e r ,  whereas a nega t ive  input-output balance continued throughout 
bed rest. 

Th i s  s i m i l a r i t y  was observed i n  both groups during bed rest 
However, 

Serum c h l o r i d e  levels revealed t h e i r  g r e a t e s t  depression i n  both groups on day 11, 

There was no concentrat ion effect of  any consequence i n  t h e  ECF among t h e  
over  t h e  4 d 

have been a 

n c h l o r i d e  have been r epor t ed  
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slower reduct ion of  t h e  negat ive balance t h e r e a f t e r ,  c h l o r i d e  l o s s e s  a r e  g r e a t e r .  

T h e  bone r e s e r v o i r s  have very l i t t l e  c h l o r i d e  a v a i l a b l e  f o r  exchange, and t h e  
amount o f  t o t a l  body c h l o r i d e  o u t s i d e  t h e  ECF i s  less than 30 pe rcen t ,  Consequently, 
t he  t o t a l  amount a v a i l a b l e  from any source of  exchangable c h l o r i d e  i s  only about 1000 mEq, 
w h i c h  i s  thought t o  be t o t a l l y  exchangable (Edelman and Leibman, 1939). However, i n  most 
ca ses ,  t he  exchange o f  c h l o r i d e  involves  i t s  replacement with another  anion. Bicarbonate 
can serve t h i s  funct ion i f  i t  i s  e l eva ted  i n  t he  serum. I n  t h e  present s tudy,  approxi- 
mately 50-80 m E q  of bicarbonate  was estimated a s  t h e  amount necessary t o  r ep lace  t h e  
c h l o r i d e  l o s t .  However, i t  was observed t h a t  t h e  replacement o f  c h l o r i d e  by bicarbonate  
i n  t h e  ECF was i n s u f f i c i e n t  i n  both groups t o  account f o r  t h e  balances observed, i .e. ,  
c h l o r i d e  was obtained from a source o u t s i d e  t h e  ECF. 

T i t r a t a b l e  a c i d i t y  was depressed i n  t h e  c o n t r o l s  throughout bed rest, an observat ion 
reported by o t h e r s  i n  sho r t  recumbency s t u d i e s  (Thomas 1957; Steinmetz and Esinger,  1966). 
However, i n  these s t u d i e s ,  i t  was a l s o  shown t h a t  t i t r a t a b l e  a c i d i t y  increased when erect 
p3s tu re  was resumed, whereas i n  t h e  present  s tudy,  hydrion exc re t ion  of  t h e  c o n t r o l s  was 
depressed during recovery,  a s  well. 
be evidence t h a t  bicarbonate  levels were compensatorily increased i n  response t o  a 
r e t e n t i o n  of  hydrogen ion ,  although i t  a l s o  i n d i c a t e s  t h a t  bicarbonate  l e v e l s  were not 
increased a s  a result o f  r e n a l  mechanisms. I n  add i t ion ,  t h e  lower hydrion output could 
be a r e f l e c t i o n  o f  reduced metabol ic  ou tpu t ,  o r  increased o rgan ic  ac id  ( a s h )  i n p u t  i n  
t h e  d i e t ,  i n  which case,  t h e r e  would be no c o r r e l a t i o n  between t h e  lower t i t r a t a b l e  
a c i d i t y  and increased bicarbonate  l e v e l s .  

T h e  reduced t i t r a t a b l e  a c i d i t y  during bed rest may 

Respiratory Metabolism 

T h e  basal oxygen consumption r e s u l t s  o f  the present study a r e  i n  general  agreement 
w i t h  those of previous s t u d i e s .  
diminution i n  basal  oxygen consumption w i t h  bed rest. D e i t r i c k ,  Whedon, and Shorr (1948) 
noted a mean d e c l i n e  o f  6.9 percent i n  young men subjected t o  6 t o  7 weeks of  bed rest ,  
w h i l e  Taylor  a l .  (1949) observed a mean diminution of  8.8 percent a f t e r  21 t o  28 days 
of  bed rest .  Birkhead et a l .  (1963) found s i m i l a r  results i n  t he i r  s u b j e c t s  a f t e r  42 
days of  bed rest. Brannon, Rockwood, and P o t t s  (19631, however, found no s i g n i f i c a n t  
d i f f e r e n c e  (no values  given)  i n  t h e  BVR o f  30 s u b j e c t s  assigned t o  varying degrees of 
ho r i zon ta l  physical  a c t i v i t y  during 60 days of  bed rest. I n  t h e  present study, t h e  con- 
t r o l s  showed a dec rease  of  approximately 10 percent, w h i l e  t h e  e x e r c i s e  group a l s o  demon- 
s t r a t e d  a general  downward t r e n d ,  but of  l e s s  magnitude. 

Cuthbertson (1929) f i r s t  noted a s l i g h t  but steady 

McCally and Lawton (1963) feel t h a t  there i s  a c l e a r c u t  r e l a t i o n s h i p  between metabolism 
and g r a v i t y ,  c i t i n g  t h e  i n c r e a s e  observed i n  metabolism on pass ive  standing. They presume 
t h i s  a r i s e s  from g r a v i t y  s t imu la t ion  o f  proprioceptors  i n  muscles and j o i n t s  w i t h  increased 
an t i -g rav i ty  o r  ex tenso r  muscle tonus.  
s i g n i f i c a n c e  ( o t h e r  than i t s  p o s s i b l e  ind ica t ion  of  muscle a t rophy)  has been at tached t o  
t he  gene ra l ly  observed diminution of  basal  oxygen consumption w i t h  bed rest .  

I t  i s  not known w h e t h e r  any p a r t i c u l a r  c l i n i c a l  

Close examination of  t h e  basa l  r e s p i r a t o r y  metabolism r e s u l t s  i n  t h e  present 
study r e v e a l s  t h a t  there were no d i f f e r e n c e s  between t h e  e x e r c i s e r s  and c o n t r o l s  i n  
t h e i r  pulmonary v e n t i l a t i o n  and r e s p i r a t o r y  r a t e  p a t t e r n  o f  response during bed rest. 
However, while  t h e  e x e r c i s e r s  demonstrated no c l e a r  p a t t e r n  i n  percent o f  true oxygen 
and r e s p i r a t o r y  quo t i en t  ( R Q ) ,  t h e  c o n t r o l s  showed a g r e a t e r  than 10 percent d e c l i n e  i n  
t h e  former and a c l e a r  rise i n  t h e  l a t t e r .  Cuthbertson (1929) and Birkhead et a l .  (1963) 
have previously noted a r ise i n  t h e  basal  RQ w i t h  bed re$t,  w i t h  t h e  l a t t e r  observing a 
return t o  pre-bed rest values  i n  a three week recovery period. I n  t h e  present  s tudy,  a 
r e t u r n  todard the pre-bed rest RQ Ju r ing  t h e  7 day recovery period was a l s o  noted i n  t h e  
con t ro l  group. Th i s  would appear t o  i n d i c a t e  t h a t  bed rest r e s u l t s  i n  a s l i g h t  hyper- 
v e n t i l a t i o n  t h a t  i s  not r e f l e c t e d  i n  increased v e n t i l a t i o n ,  but i n  decreased r e s p i r a t o r y  
e f f i c i e n c y ,  i .e.,  lower true oxygen and higher  RQ ( t h e  d i e t  was of  s i m i l a r  composition 
before ,  during,  and a f t e r  bed rest) ,  w i t h  t h e  end result being a diminution i n  basal  
oxygen consumption. 
mechanisms i n i t i a t i n g  t h e m  a r e  not r e a d i l y  apparent.  I t  i s  c l e a r  t h a t  such a small 
reduct ion i n  basal  oxygen consumption a s  was observed i n  t h e  present study i s  o f  l i t t l e  

The c l i n i c a l  s i g n i f i c a n c e  ( i f  any) of  these observat ions and t h e  
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cgnsequence i n  comparison t o  t he  r e s e r v e  a v a i l a b l e  f o r  accomplishing heavy phys ica l  
a c t i v i t y .  

The h ighe r  r e s p i r a t o r y  metabolism and h e a r t  r a t e  v a l u e s  observed i n  o u r  s u b j e c t s  

Bed r e s t  had no apparent  e f fec t ,  upon 
du r ing  t h e  pre- and post-bed rest evening  metabolisms merely r e f l e c t  the  gene ra l  i n c r e a s e  
i n  metabolism w i t h  normal, ambulatory a c t i v i t y .  
the evening r e s p i r a t o r y  metabolisms t h a t  was not  r e f l e c t e d  i n  t he  b a s a l  metabolisms 
taken du r ing  the  recovery  per iod .  

Eoth the  e x e r c i s e  and c o n t r o l  groups showed a s t a b l e  pre-bed rest basa l  hea r t  r a t e ,  
w i th  t h e  former va ry ing  on ly  s l i g h t l y  about t h i s  v a l u e  throughout bed rest and recovery .  
Hence, t he  e x e r c i s e r s  followed a t r e n d  s i m i l a r  t o  t h a t  observed by Brannon, Rockwood, 
and P o t t s  (1963) and Birkhead E&., (19641, w h i l e  on t h e  o t h e r  hand, t h e  c o n t r o l s  
showed a gene ra l  d e c l i n e  d u r i n g  bed rest ,  followed by an immediate rebound dur ing  recovery  
t o  h ighe r  than pre-bed r e s t  levels, ,  
o b s e r v a t i o n s  o f  basa l  h e a r t  r a t e  d u r i n g  bed rest wi thout  phys i ca l  a c t i v i t y  ( D e i t r i c k ,  
Whedon, and Shor r ,  1948; Tay lo r  et a l . ,  1949).  Miller et  a l .  (1964a) have a l s o  observed  
a r i s e  i n  r e s t i n g  h e a r t  r a t e  ( t h e r e  i s  sone ques t ion  a s  t o  whether they  were taken  under 
basa l  c o n d i t i o n s )  a f t e r  two weeks bed res t ,  w i th  s i m i l a r  o b s e r v a t i o n s  noted i n  a group 
undergoing in-bed e x e r c i s e s .  I n  a l a t e r  s tudy ,  Miller, Johnson, and Lamb (1964b) observed 
an i n c r e a s e  i n  r e s t i n g  h e a r t  r a t e  from 58 t o  71 beats/min a f t e r  f o u r  weeks o f  bed rest 
w i t h  no phys ica l  a c t i v i t y .  The same workers (1965) sub jec t ed  s i x  young men t o  a modified 
h o r i z o n t a l  b i k e  ergometer e x e r c i s e  r o u t i n e  o f  1 hour/day du r ing  4 weeks o f  bed r e s t  and 
observed an i n c r e a s e  i n  r e s t i n g  h e a r t  r a t e  from 74.8 t o  90 beats/min. 

The l a t t e r  f i n d i n g  i s  i n  d i r e c t  c o n t r a s t  t o  p rev ious  

W h i l e  i t  i s  well a p p r e c i a t e d  t h a t  t h e  h e a r t  r a t e  changes i n  r e sponse  t o  a v a r i e t y  
o f  s t imuli ,  both psychic  and p h y s i c a l ,  i t  i s  w e l l  known t h a t  phys i ca l  t r a i n i n g  produces 
bradycard ia .  Raab e t  a l .  (1960) have emphasized t h a t  i n d i v i d u a l s  d u r i n g  bed rest and 
phys ica l  i n a c t i v i t y  tend  t o  deve lop  a r a p i d  r e s t i n g  h e a r t  r a t e  wi th  an i n e f f i c i e n t  myo- 
cardium due t o  t h e  s t o r a g e  o f  ca techolamine  p roduc t s  w i t h i n  t h e  myocardial  c e l l .  These  
workers f e e l  t h a t  the ca techolamines  d e c r e a s e  t h e  a y o c a r d i a l  c e l l ' s  a b i l i t y  t o  u t i l i z e  
oxygen, i n c r e a s e  myocardial  i r r i t a b i l i t y ,  and p red i spose  t h e  h e a r t  t o  a r rhythmias .  The 
exac t  me tabo l i c  mechanisms whereby d i s u s e  produces a s h i f t  toward a d r e n e r g i c  preponderance,  
however, i s  unknown, s i n c e  informat ion  i s  l a c k i n g  r ega rd ing  t h e  s y n t h e s i s ,  r e l e a s e ,  r a t e  
of  t u rnove r ,  and t issue l e v e l s  o f  ca techolamines  i n  r e l a t i o n  t o  l e v e l  o f  t r a i n i n g  o r  use. 
L o g i c a l l y ,  t h e n ,  one  would expec t  non-exerc is ing  bed rest s u b j e c t s  t o  show an i n c r e a s e  i n  
basa l  h e a r t  r a t e ,  wh i l e  t h o s e  who e x e r c i s e  du r ing  bed rest might be expected t o  o f f s e t  
t h i s  tendency, The l a t t e r  i n s t a n c e  was observed  i n  t h e  p re sen t  s tudy ,  wh i l e  t h e  exac t  
o p p o s i t e  was seen i n  the  former.  O t h e r  t han  a s h o r t e r  bed rest per iod  than  u t i l i z e d  i n  
o t h e r  s t u d i e s ,  no r e a d i l y  apparent  reason  can be advanced f o r  t h i s  c o n t r a i n d i c a t i o n .  

Anthropometric Data 

Changes i n  body composition can occur  i n  a v a r i e t y  o f  ways accord ing  t o  v a r i o u s  
e f f e c t s .  For example, l o s s  o f  weight d u r i n g  c a l o r i c  r e s t r i c t i o n  invo lves  l o s s e s  o f  
v a r i a b l e  p r o p o r t i o n s  of f a t ,  of ECF, and of c e l l u l a r  m a t e r i a l ,  which i n c l u d e s  p r o t e i n ,  
water ,  and mine ra l s  (Grande, p. 914, 1964).  The pe rcen tage  composition o f  t h e  t i s s u e  
mass change w i t h  weight g a i n ,  accord ing  t o  v a r i o u s  c o n d i t i o n s  have been given a s  fo l lows  
by Keys (p.  25, 1953): 

Fa t  Cell s ECF 
Glu t tony  a lone  66 20 14  

Phys ica l  t r a i n i n g  - 38 120 18 
Glu t tony  p l u s  indo lence  109 - 20 11 

A d e f i n i t e  a t t empt  was made i n  the p r e s e n t  s tudy  t o  insure an adequate ,  but not o v e r l y  
abundant c a l o r i c  supply  du r ing  pre-bed rest and f o r  t he  two bed rest c o n d i t i o n s  ( e x e r c i s e  
and non-exercise).  
s u b j e c t  was 3450 Cal ,  which was reduced t o  2850 Cal f o r  t h e  70 kg e x e r c i s e r  and 2450 Cal 
f o r  t h e  70 kg non-exerc is ing  c o n t r o l .  Tay lo r  et a l .  (1949) observed no s i g n i f i c a n t  
change i n  body weight w i t h  a s i m i l a r  p a t t e r n  o f  c a l o r i c  change f o r  non-exercising bed 
r e s t  s u b j e c t s  d u r i n g  a pe r iod  o f  3 t o  4 weeks. Deitrick, Whedon and Shorr  (1948) d i d  

The c a l o r i c  con ten t  o f  t h e  d i e t  d u r i n g  pre-bed rest f o r  a 70 kg 
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not reduce  t h e  c a l o r i c  va lue  
res t ,  who n e v e r t h e l e s s  maintained body weight.  They sugges ted  t h a t  the  weight cons tancy  
o f  t h e i r  s u b j e c t s  was probably  t h e  result o f  t h e  s imul taneous  l o s s  o f  muscle protoplasm 
and s t o r a g e  o f  f a t  o r  carbohydra te .  W h i l e  no g r o s s  changes i n  body comp3sition would 
be expected o v e r  a s h o r t e r  time unrier  t h e  c o n d i t i o n s  p rev ious ly  mentioned i n  t h e  p re sen t  
i n v e s t i g a t i o n ,  c l o s e  a n a l y s i s  of  s e v e r a l  parameters  i n d i c a t e s  a measurable change i n  t h e  
body compositoin o f  both groups.  I t  was observed t h a t  t h e  c o n t r o l  group l o s t  ove r  tw ice  
a s  much K40 a s  t h e  e x e r c i s e r s ,  a l though any s i g n i f i c a n c e  a s c r i b e d  t o  t h e  r e l a t i v e l y  
small  changes observed might well be accounted f o r  by summation o f  p o s s i b l e  l i m i t a t i o n s  
i n  p r e c i s i o n  and accuracy  o f  t h e  measurement technique .  However, t h e  d a t a  d i d  i n d i c a t e  
pos i t i ve ly  t h a t  no s e r i o u s  l o s s  o f  potassium occurred  i n  either group. 

o f  t h e  d i e t  o f  t h e i r  s u b j e c t s  du r ing  6 t o  7 weeks o f  bed 

Credence t o  an a c t u a l  l o s s  o f  potassium i n  both groups and t h u s ,  i n  l ean  body mass 
(L5M) i s  g iven  by t h e  wa te r  immersion r e s u l t s  i n  t h e  p re sen t  s tudy .  The con t ro l s  were 
observed t o  l o s e  almost three times a s  much LBM a s  t h e  e x e r c i s e r s .  S ince  t h e  body d e n s i t y  
v i a  imtnersion was lower i n  both groups ,  each ga ined  some f a t  a s  computed by the  formula 
o f  Brozek et  a l .  (1963). The e f f i c a c y  of  p r e d i c t i o n  o f  f a t  change by s k i n f o l d s  a ' l a  
P a s c a l e  (19561, which showed a s l i g h t  d e c l i n e  i n  both groups ,  i s  open t o  ques t ion .  W h i l e  
s k i n f o l d s  have e s t a b l i s h e d ,  bu t  somewhat l i m i t e d  v a l i d i t y  i n  p r e d i c t i n g  body d e n s i t y  (and 
hence, t o t a l  body f a t )  i n  a c r o s s - s e c t i o n a l  s tudy  o f  a popu la t ion ,  no s tudy  has sought 
t o  a s c e r t a i n  t h e  e f f e c t s  o f  a l t e r a t i o n  i n  body composition due t o  changes i n  phys i ca l  
a c t i v i t y  on  t h e i r  e f f e c t i v e n e s s  o f  p r e d i c t i o n .  

The l o s s  o f  LBM i n  bo th  t h e  non-exerc is ing  c o n t r o l s  ( t o  a g r e a t e r  e x t e n t )  and t h e  
e x e r c i s e r s  i n  the p resen t  s tudy  i s  s u b s t a n t i a t e d  i n d i r e c t l y .  During bed rest ,  t h e  sub- 
j ec t s  d e a o n s t r a t e d  no change i n  c r e a t i n i n e  e x c r e t i o n  from pre-bed rest v a l u e s ,  even 
though the i r  muscular a c t i v i t y  ciecreased. Thus, w i t h  a cons t an t  e x c r e t i o n  l e v e l  du r ing  
a per iod  o f  decreased  s y n t h e s i s ,  i nc reased  muscle c r e a t i n i n e  l o s s  r e l a t i v e  t o  pre-bed 
rest l e v e l s  i s  sugges ted .  I n  r ecove ry ,  one  would expec t  s y n t h e s i s  l e v e l s  t o  r e t u r n  t o  
normal. However, t h e  observed dec reased  e x c r e t i o n  t e n d s  t o  i n d i c a t e  a r e s t i t u t i o n  o f  t he  
muscle c r e a t i n i n e  l o s s .  I t  should  a l s o  be  noted t h a t  t h e  c o n t r o l s  showed a l a r g e r  i n c r e a s e  
i n  u r i n e  p o t a s s i u n  l o s s  d u r i n g  bed rest than  t h e  e x e r c i s e r s  o f  approximate ly  t h e  Sam? aagn i -  
t u d e  o f  d i f f e r e n c e  a s  observed  i n  t h e  K40 results. The r e s e r v e s  o f  potassium a r e  l o c a t e d  
p r i m a r i l y  (a lmost  t o t a l l y )  i n  t h e  muscle ce l l s ,  and since potassium i s  not  syn thes i zed ,  what 
goes o u t  o f  t h e  c e l l  i s  d i s t i n c t l y  r e p r e s e n t a t i v e  o f  c e l l u l a r  dec rease .  

The results o f  Birkhead et a l .  (1963) i n d i c a t e  t h a t  t h e i r  s u b j e c t s  l o s t  f a t  du r ing  
bed rest, a f i n d i n g  i n  d i r e c t  c o n t r a s t  t o  o u r  wa te r  immersion r e s u l t s .  I t  should be 
poin ted  o u t  t h a t  t h e y  used t h e  method o f  Behnke (19611, u t i l i z i n g  s k e l e t a l  c i rcumferences  
and d i ame te r s  t h a t  y i e l d  no q u a l i t a t i v e  e s t i m a t e  o f  change i n  l o s s  o f  mass expected 
du r ing  prolonged bed res t ,  i.e., whether t h e  mass i s  f a t  or  muscle. Herlce, o t h e r  than  
by estimates through body weight and circumferences measures,  no p r i o r  s tudy  has  d e a l t  
w i th  changes i n  g r o s s  body composition du r ing  bed rest .  
ment  t echn iques ,  i t  would appear  t h a t  muscle mass i s  l o s t  i n  a pe r iod  o f  recumbency o f  
n i n e  days ,  a l though  t h e  small  g a i n  o r  l o s s  i n  f a t  on a reasonably  i s o c a l o r i c  d i e t  can not 
be  a z c u r a t e l y  a s ses sed  subcutaneous ly .  

Within t h e  l imits  o f  o u r  measure- 

D e i t r i c k ,  Whedon, and Sfiorr (1948) observed a d e c r e a s e  o f  about 2 percent  i n  upper 
arm and forearm g i r t h ,  3.9 percent  i n  t h i g h  g i r t h  and 5.9 p i r c e n t  i n  c a l f  circumference. 
S ince  t h e i r  s u b j e c t s  were immobilized i n  b i v a l v e  p l a s t e r  c a s t s ,  i t  i s  l i k e l y  t h a t  an 
a p p r e c i a b l e  amount o f  muscle a t rophy took p l a c e  e s p e c i a l l y  i n  t h e  lower l imbs ,  du r ing  
t h e  6-7 weeks o f  bed rest. I n  t h e  recovery  p e r i o d ,  f i v e  t o  s i x  weeks was r equ i r ed  f o r  
t h e  lower  l imbs  t o  r e t u r n  t o  t h e i r  o r i g i n a l  c i rcumference .  Birkhead et a l .  (1963) 
observed s t e a d y  d e c r e a s e s  i n  upper arm, t h i g h  and c a l f  g i r t h s  du r ing  bed rest ,  amounting 
t o  approximately 4 percent  a t  t h e  end o f  s i x  weeks. Less  than  h a l f  o f  t h e  l o s s  i n  l imb 
g i r t h s  had been r ega ined  a f t e r  18 days  o f  r e c o n d i t i o n i n g  a c t i v i t y .  Brannon, Rockwood, 
and P o t t s  (1963) observed n o t i c e a b l e  d e c r e a s e s  i n  l imb c i rcumferences  beginning i n  t h e  
second and t h i r d  weeks o f  bed rest. S u b j e c t s  who performed in-bed e x e r c i s e s  du r ing  t h e  
f u l l  60 days  o f  bed rest d i d  not  deve lop  upper arm g i r t h  l o s s e s  ( a s  was noted i n  a non-  
e x e r c i s i n g  c o n t r o l  g roup) ,  and incu r red  much s m a l l e r  l o s s e s  I n  lower l imb g i r t h s  than  
t h e  c o n t r o l  group. I n  t h e  p r e s e n t  s tudy ,  t h e  t r e n d  o f  o u r  r e s u l t s  appear  t o  be i n  
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agreement w i t h  t h o s e  o f  p rev ious  s t u d i e s ,  inasmuch a s  the e x e r c i s e r s  d i d  not i n c u r  any 
s i g n i f i c a n t  g i r t h  r e d u c t i o n s ,  w h i l e  t h e  c o n t r o l s  l o s t  a n o t i c e a b l e  amount on ly  i n  t h e  
t h i g h .  

Xeasu rab le  l o s s e s  i n  muscle s t r e n g t h  a f t e r  s e v e r a l  weeks bed rest have been nated 
i n  t h e  lower e x t r e m i t i e s  (Deitrick, Shedon, and Shor r ,  19481, i n  t h e  back (Taylor  et  a l . ,  
1949).  i n  t he  upper arms (Birkhead e t  a l . ,  1963). and i n  both t he  upper and lower extrem- 
i t i e s  (Brannon, Rockwood, and P o t t s ,  1963). No l o s s  i n  g r i p  s t r e n g t h  was observed i n  
any o f  t h e s e  s t u d i e s .  I n  s u b j e c t s  performing in-bed e x e r c i s e s  f o r  60 days ,  Brannon and 
h i s  co l l eagues  observed no n o t i c e a b l e  l o s s  o f  s t r e n g t h  i n  t he  arms, and iesser anounts  
than  t h e  non-exerc isers  i n  t h e  lower e x t r e m i t i e s .  I n  t h e  p re sen t  s tudy ,  t h e  s t r e n g t h  
results i n  t h e  e x e r c i s e  group appear  t o  fo l low e s t a b l i s h e d  t r e n d s  o f  p rev ious  s t u d i e s ,  
i n  t h a t  no s i g n i f i c a n t  ga in  i n  g r i p  o r  knee ex tens ion  s t r e n g t h  was observed. No r e a d i l y  
apparent  reason  f o r  t he  r a t h e r  s i g n i f i c a n t  g a i n  i n  g r i p  s t r e n g t h  by t h e  c o n t r o l s  can 
be advanced. The r e l a t i v e l y  l a r g e  increment. i n  p l a n t a r  f l e x i o n  s t r e n g t h  observed i n  
both groups throughout t h e  experiment sugges t s  a " learn ing"  e f f e c t  r a t h e r  t han  an a c t u a l  
ga in  i n  s t r e n g t h .  

Previous  s t u d i e s  have shown no a p p r e c i a b l e  change i n  v i t a l  c a p a c i t y  ( D i e t r i c k ,  
Whedon, and Shor r ,  1948, and Birkhead & &., 1963). I n  t h e  p re sen t  s tudy  t h e  v i t a l  
c a p a c i t y  o f  t h e  e x e r c i s e  group d i d  not change apprec iab ly  throughout t h e  experiment,  
wh i l e  t h e  c o n t r o l  g roup ' s  v i t a l  c a p a c i t y  dropped about 4 percent  du r ing  bed res t ,  wi th  
a subsequent r e g a i n i n g  o f  one-half  t h i s  amount du r ing  t h e  recovery  pe r iod .  Hence, i t  
would appear  t h a t  t h e  r e s p i r a t o r y  s t r e s s  o f  twice d a i l y  b i c y c l e  ergometer exercise i s  
s u f f i c i e n t  t o  prevent  any s l i g h t  d e c l i n e  i n  v i t a l  c a p a c i t y  t h a t  might a r i s e  wi th  pro- 
longed bed rest .  

Res idua l  lung  volume was measured o n l y  once ( a t  t h e  end o f  t h e  exper iment )  and 
r evea led  a s i g n i f i c a n t  d i f f e r e n c e  between t h e  e x e r c i s e r s  and t h e  c o n t r s l s .  Brozek 
(1960) has observed  a f a i r l y  c l o s e  r e l a t i o n s h i p  between r e s i d u a l  lung  volume and v i t a l  
c a p a c i t y ;  hence, t he  d i s t i n c t  d i f f e r e n c e  i n  r e s i d u a l  lung  volumes between t h e  two groups 
was unexpected i n  view o f  t h e i r  n e a r l y  s i m i l a r  post-bed rest v i t a l  c a p a c i t i e s .  

Phys io log ica l  Response t o  E x e r c i s e  

The depres s ion  o f  r e n a l  plasma f low (RPF) du r ing  e x e r c i s e  i s  a well known phenomenon 
t h a t  has been shown t o  vary  p r o p o r t i o n a t e l y  wi th  t h e  amount and in t ev l s i ty  o f  work (Chapman 
- et &., 1948; Grimby, 1965). The l a t t e r  a l s o  observed a s i g n i f i c a n t  c o r r e l a t i o n  between 
h e a r t  r a t e  a i d  RPF; when h e a r t  r a t e s  were approximate ly  135 beats/min a t  t h e  end of 45 m i n  
e x e r c i s e  i n  t h e  sup ine  p o s i t i o n ,  t h e  RPF was depressed  t o  73 pe rcen t  o f  r e s t i n g .  These  
v a l u e s  a r e  ve ry  c l o s e  t o  t h o s e  observed  i n  t h e  p re sen t  s tudy ,  i n  which h e a r t  r a t e s  o f  
approximate ly  135 beats/min were recorded  wi th  RPF depressed  t o  67-72 pe rcen t  of r e s t i n g  
i n  t h e  e x e r c i s e  s u b j e c t s .  
wi th  a 65 pe rcen t  r educ t ion  o f  RPF and a h e a r t  r a t e  of  150 a f t e r  30 m i n  o f  e x e r c i s e .  The 
workload i n  t h i s  experiment was 729 kpm/min, compared t o  t h e  workload o f  806 kpm/min i n  
t h e  p re sen t  s tudy .  

The v a l u e s  o f  Cas t en fo r s  (1967a) a r e  very  c l o s e  t o  t h o s e  above, 

The e x e r c i s e  s u b j e c t s  d i d  no t  demonst ra te  any change i n  t h e  r e sponse  t o  e x e r c i s e ,  
which s u p p o r t s  t h e  assumption t h a t  t h e r e  was no change i n  r e n a l  hemodynamics throughout 
bed rest and recovery  i n  t h i s  group. The c o n t r o l  group, conve r se ly ,  showed a d i f f e r e n t  
r e sponse  t o  exercise immediately a f t e r  bed rest, i n  t h a t ,  a f te r  16 hours o f  ambula t ion ,  
t h e y  had a dep res s ion  o f  RPF 15 pe rcen t  g r e a t e r  t han  on day 10. After 6 days  o f  ambula t ion ,  
t h e i r  r e sponse  t o  e x e r c i s e  was s i m i l a r  t o  t h a t  observed on day 10. I n  s p i t e  o f  a dep res s ion  
o f  6 2  pe rcen t  o f  r e s t i n g  v a l u e s ,  t h e  RPF dur ing  e x e r c i s e  on was 556 ml/min, which 
i s  s t i l l  h i g h e r  t h a n  t h e  f low on day 10 o f  446 m l / m i n .  The l ack  o f  f u r t h e r  dep res s ion  
of  RPF i n  t h e s e  s u b j e c t s ,  a t  l e a s t  t o  t h e  levels observed on  day 10, sugges t s  t h a t  t h e  
compensation was sub-maximal r e l a t i v e  t o  t h e  c a p a c i t y  o f  t h e  kidney observed b e f o r e  bed 
rest. The reduced compensatory r e sponse  i n  t h e  c o n t r o l s  resembles t h e  s t a t e  o f  ca rd io -  
v a s c u l a r  d e c o n d i t i o n i n g  evidenced by o r t h o s t a t i c  hypotension and h ighe r  h e a r t  r a t e s  fo l lowing  
p e r i o d s  o f  bed rest  d u r i n g  t i l t  t a b l e  exper iments  (McCally and Lawton, 1963). 

day 20 
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I t  was mentioned e a r l i e r  t h a t  the  a p p l i c a t i o n  o f  LBUP served t o  reduce  the d i u r e s i s  
o f  recumbency and depres s ion  o f  PV. 
G i l b e r t  et a l .  (1966) measured RPF dur ing  t h e  a p p l i c a t i o n  o f  -60 mm mercury o f  LBUP. 
A f t e r  45 m i n  o f  LBIP, RPF was decreased  t o  77.3 percent  o f  r e s t i n g  va lues  ( a  f i n d i n g  
s i m i l a r  i n  magnitude t o  t h e  e f f e c t  o f  e x e r c i s e  i n  o u r  s t u d y ) ,  which sugges t s  a s i m i l a r  
e f f e c t  o f  e x e r c i s e  and LBUP on RPF. I n  o t h e r  exper iments  (Lamb and Stevens ,  1965; 
Stevens  3 &., 1967), t h e  a p p l i c a t i o n  o f  LBNP dur ing  bed rest was r equ i r ed  f o r  long 
p e r i o d s  (8-12 hours  d a i l y )  i n  o r d e r  t o  r e v e r s e  t h e  n e g a t i v e  hydra t ion  and PV c o n t r a c t i o n  
(a l though a lower LBNP o f  -30 nun mercury was a p p l i e d ) .  

I n  a s tudy  o f  the  e f f e c t s  o f  LBYP on  r e n a l  f u n c t i o n ,  

I n  t h e  p r e s e n t  s tudy ,  GFR was measured du r ing  t h e  30 n i n  bout o f  e x e r c i s e  by t h e  
endogenous c r e a t i n i n e  method. 
e r r o r s ,  i n  a review by Doolan &. (19621, t h e  method was shown t o  be  q i i t e  v a l i d  f o r  
24 hour pe r iods  ( a  f i n d i n g  s u b s t a n t i a t e d  by t h e  results o f  t h e  p re sen t  s tudy) .  
d u r i n g  pe r iods  a s  s h o r t  a s  30 m i n ,  wi th  dynamic e x e r c i s e  and s u b s t a n t i a l  a l t e r a t i o n s  i n  
r e n a l  f u n c t i o n ,  t h e  method i s  probably  u n r e l i a b l e .  I n  a d d i t i o n ,  i t  has been shown t h a t  
c r e a t i n i n e  s e c r e t i o n  i s  i n h i b i t e d  i n  t h e  presence  o f  exogenous p-amino h i p p u r a t e  (Crawford, 
1948). 
would g i v e  an e r roneous ly  low GFR. Hence, i n  t he  p resen t  s tudy ,  the a b s o l u t e  va lues  f o r  
GFR dur ing  e x e r c i s e  a r e  assumed t o  be  low, 
not vary  g r e a t l y  throughout t h e  experiment and t h e  concen t r a t ion  of  PAH was cons t an t  
i n  each r e n a l  func t ion  tes t  (see Appendices I1 and 1 V ,  P a r t  111,  i t  i s  assurned t h a t  
r e l a t i v e  changes i n  GFR on each day a r e  r e l i a b l e  i n d i c a t i o n s  o f  r e n a l  func t ion  d u r i n g  
exe rc  i se . 

Although t h i s  method has been c r i t i c i z e d  f o r  i t s  i n h e r e n t  

However, 

The re fo re ,  a lower u r i n a r y  excretion o f  c r e a t i n i n e  caused by t h e  i n f u s i o n  o f  PAH, 

However, since serum c r e a t i n i n e  va lues  d i d  

The degree  o f  dep res s ion  i n  both e x e r c i s e r s  and c o n t r o l s  was s i m i l a r  on day 10. 
However, du r ing  bed rest t h e  e x e r c i s e r s  showed markedly depressed  f i l t r a t i o n  r a t e s  
r e l a t i v e  t o  t h e  day 10 pre-bed rest va lue .  
whereas t h e  c o n t r o l s  showed no change from pre-bed rest va lues .  The p a t t e r n  o f  t h e  exer- 
c i s e r s '  GFR can not  be  r e l a t e d  t o  PV o r  RPF a f t e r  bed rest ,  inasmuch a s  t h e  l a t t e r  two 
parameters  were equal  t o  b a s e l i n e  va lues .  I n  a d d i t i o n ,  sodium and potassium e x c r e t i o n  
yere a l s o  a t  b a s e l i n e  v a l u e s  du r ing  exercise on t h e s e  two days  o f  recovery ,  which i n d i c a t e s  
t h a t  t hey  were una f fec t ed  by t h e  lowered GFR. Hence, i t  would appear  t h a t  there i s  no 
r e a d i l y  appa ren t  exp lana t ion  f o r  t h e  dep res s ion  o f  e x e r c i s e  GFR observed i n  t h e  p re sen t  
s tudy  a f t e r  bed rest. 

During recovery ,  t h e i r  GFR was s t i l l  dep res sed ,  

Numerous s t u d i e s  have demonstrated depressed  sodium e x c r e t i o n  du r ing  e x e r c i s e  (Ka t tus  
6 %I., 1949; Bucht et a l . ,  1953; A u r e l l  & &., 1967; Cas ten fo r s ,  1967a). I n  a d d i t i o n ,  
some o f  t h e s e  a u t h o r s  have r e p o r t e d  a s i g n i f i c a n t  r e l a t i o n s h i p  between t h e  magnitude of 
dep res s ion  o f  RPF and sodium e x c r e t i o n  d u r i n g  exercise. I n  t h e  p re sen t  s tudy ,  a l l  exer -  
cisers demonstrated dep res sed  e x e r c i s e  sodium l e v e l s  on each day o f  measureinent du r ing  
bed rest. Res t ing  e x c r e t i o n  r a t e s  were not a v a i l a b l e  d u r i n g  ambulatory p e r i o d s ,  but t h e  
e x c r e t i o n  r a t e  a f t e r  e x e r c i s e  d u r i n g  t h e  pre- and post-bed rest p e r i o d s  were s i m i l a r .  

The d e p r e s s i o n  o f  sodium e x c r e t i o n  has been shown t o  occur  wi th  t h e  a p p l i c a t i o n  o f  
LBNP ( G i l b e r t  e t  a l . ,  1966). However, t h e  magnitudes o f  sodium depres s ion  were g r e a t e r  
than  t h o s e  seen i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  Cons ider ing  t h e  r e l a t i o n  o f  RPF t o  sodium 
depres s ion  and t h e  s i m i l a r  dep res s ion  o f  RPF d u r i n g  LBNP and exercise, t h e  g r e a t e r  dep res s ion  
o f  sodium observed  by G i l b e r t  and h i s  c o l l e a g u e s  i s  somewhat s u r p r i s i n g .  These a u t h o r s  
r epor t ed  t h a t  t h e  a d m i n i s t r a t i o n  o f  s p i r o n o l a c t o n e  f a i l e d  t o  reduce t h e  dep res s ion  o f  
sodium d u r i n g  LBNP and concluded t h a t  t h e  dep res s ion  o f  GFR, which occurred  wi th  and 
wi thout  t h e  a l d o s t e r o n e  a n t a g o n i s t ,  was r e s p o n s i b l e  f o r  t h e  decreased  sodium e x c r e t i o n .  
However, i n  t h e  p r e s e n t  s tudy ,  t h e  c o n t r o l  s u b j e c t s  d i d  not show a depressed  GFR on day 
21, y e t  sodium was observed t o  be  dep res sed  i n  r e l a t i o n  t o  b a s e l i n e  l e v e l s .  Conversely,  
t h e  exercisefs' GFR was reduced and sodium e x c r e t i o n  was equal  t o  b a s e l i n e  l e v e l s  d u r i n g  
recovery.  These  two o b s e r v a t i o n s  sugges t  an a d d i t i o n a l  o p e r a t i v e  mechanism i n  t h e  regu- 
l a t i o n  o f  sodium e x c r e t i o n  d u r i n g  e x e r c i s e .  

I n  t h e  p re sen t  s tudy ,  t h e  p a t t e r n  of sodium e x c r e t i o n  d u r i d g  bed rest and recovery  
i n  t h e  exercise group had a s t r o n g  resemblance t o  PV changes. 
and sodium e x c r e t i o n  depres sed  t o  t h e  g r e a t e s t  extent du r ing  bed rest .  

Plasma volume was decreased  
S i m i l a r l y ,  when PV 
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r c tu rned  t o  pre-bed rest va lues  on  day 19, t h e  dep res s ion  o f  sodium e x c r e t i o n  was a l s o  
equal t o  b a s e l i n e  va lues .  T h i s  r e l a t i o n s h i p  was aga in  exempl i f ied  by t h e  c o n t r o l s  who, 
o n  day 21, had a s l i g h t l y  lowered PV and depressed  sodium e x c r e t i o n  r e l a t i v e  t o  t h e  va lues  
on  day 10. There  was n 3  r e l a t i o n s h i p  i n  t h e  e x e r c i s e  group between sodium and RPF depres-  
s ion .  
t o  days  10 and 27. 

However, t h e  c o n t r o l  group showed a l a r g e r  dep res s ion  o f  bo th  on  day 21, a s  compared 

Although sodium and c h l o r i d e  e x c r e t i o n  followed s i m i l a r  p a t t e r n s  o f  dep res s ion  d u r i n g  
t h e  f i r s t  h a l f  o f  bed rest ,  sodium was reduced t o  on ly  93 percent  o f  r e s t i n g  on t h e  l a s t  
day of  recumbency and r e tu rned  t o  b a s e l i n e  v a l u e s  du r ing  recovery  ( i n d i c a t i n g  t h a t  i t  must  
have been accompanied by some anion o t h e r  t han  c h l o r i d e  on t h o s e  days) .  The depres s ion  
o f  c h l o r i d e  t o  a g r e a t e r  deg ree  than  sodium, which occurred  on days  10, 19, 21, and 27, 
i s  i n  c o n t r a s t  t o  t he  o b s e r v a t i o n s  o f  Ka t tus  Lt-al-. (19491, who observed t h a t  c h l o r i d e  
was depressed  less than  sodium dur ing  e x e r c i s e .  

The inc reased  e x c r e t i o n  of potassium i n  t h e  p re sen t  i n v e s t i g a t i o n  was c o n s i s t e n t  
i n  1 2  ou t  o f  1 2  measurements. Such cons i s t ency  i s  not i n  agreement wi th  t h e  o b s e r v a t i o n s  
o f  o t h e r s ,  who r e p o r t  v a r i a b l e  t r e n d s  o f  potassium e x c r e t i o n  d u r i n g  e x e r c i s e  (Ka t tus  et a l . ,  
1949; Aurell &., 1967; C a s t e n f o r s ,  1967a).  However, i n  t h e  s tudy  by Aurell and co- 
workers,  an inc reased  e x c r e t i o n  o f  potassium was observed wi th  l i g h t  workloads i n  t h e  
sup ine  p o s i t i o n ,  whereas w i t h  heavy l o a d s ,  potassium e x c r e t i o n  was decreased .  These workers 
u t i l i z e d  h e a r t  r a t e s  t o  c l a s s i f y  t h e  work a s  e i t h e r  l i g h t ,  modera te ,  o r  heavy. A t  r a t e s  
of 125-150 beats/min (modera te  work), potassium e x c r e t i o n  du r ing  e x o r c i s e  was v a r i a b l e ,  
whereas i n  the p resen t  s tudy  wi th  a cons t an t  workload o f  806 kpm and an average  h e a r t  r a t e  
o f  135 beats/min, t h e  decreased  r a t e  o f  e x c r e t i o n  was c o n s i s t e n t .  The c o n s i s t e n t l y  de- 
c reased  sodium and inc reased  potassium e x c r e t i o n  du r ing  e x e r c i s e  sugges t  the  p o s s i b i l i t y  
t h a t  sodium i s  exchanged f o r  potassium by renal mechanisms du r ing  e x e r c i s e .  

The c i r c u l a t o r y - r e s p i r a t o r y  response  (as measured by oxygen i n t a k e ,  pulmonary v e n t i -  
l a t i o n ,  and h e a r t  r a t e )  o f  t h e  e x e r c i s e  group t o  a mean sup ine  b i c y c l e  ergometer e x e r c i s e  
workload o f  806 kpm/min ag rees  c l o s e l y  w i t h  t h a t  of a sample o f  n o n - a t h l e t i c  young males 
s t u d i e d  by Stenberg  The c o n t r o l  
g roup ' s  workload was 744 kpm/min and, s i m i l a r i l y ,  t h e i r  r e sponse  ag rees  r a t h e r  c l o s e l y  w i t h  
t h e  resul ts  o f  Ekelund (19661, who s t u d i e d  a group o f  young men o f  o r d i n a r y  phys ica l  f i t n e s s  
a t  a mean e x e r c i s e  load  o f  700 kpm/min. 
f o r  u n t r a i n e d  
a s i m i l a r  h e a r t  r a t e  r e sponse ,  bu t  s l i g h t l y  h i g h e r  oxygen intakes (Grimby, 1965). Thus, 
i t  would appear  t h a t  t h e  b i c y c l e  e rgometer  u t i l i z e d  i n  t h e  p re sen t  i n v e s t i g a t i o n  was well 
c a l i b r a t e d ,  and t h a t  t h e  s u b j e c t s  were rlot a p a r t i c u l a r l y  a t y p i c a l  group wi th  regard  t o  
phys i ca l  f i t n e s s .  I t  would a l s o  appear  t h a t  t h e  primary reason  f o r  t h e  h i g h e r  oxygen i n t a k e  
(approximate ly  15 p e r c e n t )  observed  i n  t h e  exercisers was due  t o  working a t  a heav ie r  l oad .  
The fact  t h a t  t h e  pre-bed rest e x e r c i s e  h e a r t  r a t e s  were not  m a t e r i a l l y  d i f f e r e n t  from 
t h e  c o n t r o l s  and t h e i r  h i g h e r  maximal oxygen i n t a k e  (3.487 L v s  3.074 L )  a t t e s t s  t o  t h e i r  
s l i g h t l y  s u p e r i o r  l e v e l  o f  phys i ca l  f i tness .  

&. (19671, who e x e r c i s e d  a t  a m a n  load  o f  793 kpm/min.  

A summary o f  oxygen i n t a k e  and h e a r t  rate v a l u e s  
s u b j e c t s  o f  s i m i l a r  age  (and working a t  a s i m i l a r  sup ine  workload) ,  r e v e a l s  

Decreased t o l e r a n c e  f o r  p h y s i c a l  e x e r c i s e  due  t o  bed rest was f i r s t  observed by 
D e i t r i c k ,  Whedon, and Shorr  (1948).  Subsequent s t u d i e s  have v e r i f i e d  t h e i r  f i n d i n g s  
by showing a d iminut ion  i n  maximal oxygen i n t a k e  and/or a rise i n  h e a r t  r a t e  f o r  a s t anda rd  
sub-maximal work t a s k  (Tay lo r  et  a l . ,  1948; Birkhead 5 aL., 1963; Birkhead - et -- a l . ,  1964; 
Cardus et a l . ,  1965; Miller et &., 1965). Seve ra l  i n v e s t i g a t o r s  have a t tempted  t o  assess 
whether t h i s  decreased  work t o l e r a n c e  could  b e  a t t r i b u t e d  t o  phys i ca l  i n a c t i v i t y  a lone ,  o r  
whether i t  could  be  e n t i r e l y  a s c r i b e d  t o  maintenance o f  t h e  a g r a v i t y  h o r i z o n t a l  p o s i t i o n .  
Birkhead e t  a l .  (1964) e x e r c i s e d  two s u b j e c t s  on a b i c y c l s  ergometer i n  the  h o r i z o n t a l  
p o s i t i o n  a t  600 kpm/min f o r  1 hour/day throughout 24 days  o f  bed rest ,  and found no 
a p p r e c i a b l e  l o s s  i n  maximal oxygen intake.  Cardus et a l .  (1963) found t h a t  s u b j e c t s  who 
performed i s o m e t r i c  e x e r c i s e s  du r ing  14 days  o f  bed rest showed a much s m a l l e r  i n c r e a s e  
i n  h e a r t  r a t e  (5.4 vs 19.5 bea ts /min)  a t  s t anda rd  workloads on a b i c y c l e  ergometer than  
those  who d i d  no exercise. Miller et a l .  (1965) e x e r c i s e d  s u b j e c t s  on a s imula ted  b i c y c l e  
ergometer a t  ea sy  t o  moderate loads  f o r  1 hour/day d u r i n g  f o u r  weeks o f  bed rest. They 
observed a s i g n i f i c a n t  r educ t ion  i n  maximal oxygen i n t a k e  and i n  l e n g t h  of  walking time 
on t h e  t r e a d m i l l .  Cardus (1966) found t h a t  h e a r t  r a t e  r e sponse  t o  a b i c y c l e  ergometer 

159 



load  o f  120 w a t t s  (731 kpm/min) was h ighe r  a f t e r  10 days  o f  bed rest, and almost e q u a l l y  
inc reased  when the s u b j e c t s  e x e r c i s e d  on a s t r e t c h i n g  d e v i c e  f o r  20 min/day du r ing  bed 
r e s t .  

The results o f  t h e  p re sen t  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  h e a r t  r a t e  a t  t h e  end 
o f  t h e  s t anda rd  30 m i n  sup ine  ergometer r i d e  decreased  du r ing  bed rest i n  t h e  e x e r c i s e  
graup ,  w h i l e  i n  the c o n t r o l  group, t h e  post-bed r e s t  r a t e  was h i g h e r  than  t h a t  observed 
b e f o r e  bed rest. C o n t r a i n d i c a t i o n  o f  t h e s e  f i n d i n g s  by t h e  o b s e r v a t i o n s  o f  Miller et a I .  
(1965) and Cardus (1966) i s  l i k e l y  due  t o  t h e  t y p e  and i n t e n s i t y  o f  t h e i r  in-bed e x e r c i s e  
regimens,  since t h e  results o f  a series o f  exper iments  r epor t ed  by Rodahl e t  a l .  (1967) 
i n d i c a t e  t h a t  1 hour/day o f  h o r i z o n t a l  b i c y c l e  e rgometer  exercise a t  603 kpm/min i s  suf -  
f i c i e n t  t o  prevent  l o s s  i n  phys i ca l  work c a p a c i t y  o f  the c i r c u l a t o r y - r e s p i r a t o r y  system. 

The e f f e c t  o f  t h r e e  t o  f o u r  weeks o f  bed rest on r e s p i r a t o r y  metabolism response  t o  
sub-maximal e x e r c i s e  was s t u d i e d  by Tay lo r  sal. (19481, who observed t h a t  t h e  oxygen 
i n t a k e  f o r  walking a t  3.5 mph up a 10 percent  g rade  f o r  33 m i n  was 2.033 L b e f o r e  bed 
rest and 1,913 L a f t e r  bed rest. The e x e r c i s e  RQ was 0.82 b e f o r e  bed rest and 0.93 a f t e r ,  
while t h e  r e s p i r a t o r y  e f f i c i e n c y  dropped from 55.3 m l  (per 1003 a l )  t o  46.1. 
(19651, on  t h e  o t h e r  hand, observed s l i g h t l y  h ighe r  oxygen i n t a k e s  i n  h i s  s u b j e c t s  f o r  
a sub-maximal b i c y c l e  ergometer r i d e  a f te r  14 days  o f  bed rest, but f e l t  t h a t  t h e s e  d i f -  
f e r e n c e s  were wi th in  t h e  range  o f  t h e i r  e r r o r  o f  e s t i m a t e  and were not  s i g n i f i c a n t .  
Respi r a t o r y  q u o t i e n t  and oxygen u t i  1 i z a t  ion  r a t  io’(oxygen i n t  ake/pulmonary vent  i 1 a t  i on 
were both s l i g h t l y  lower a f t e r  bed rest ,  but  t h e  a u t h o r s  f e l t  t h i s  was a t  l e a s t  p a r t i a l l y  
due  t o  h y p e r v e n t i l a t i o n  by t h e  s u b j e c t s  du r ing  t h e i r  f i r s t  ergometer r i d e .  A f t e r  14 days  
o f  bed rest wi th  d a i l y  i s o m e t r i c  exercise, t h e r e  was a tendency toward lower pulmonary 
v e n t i l a t i o n  and r e s p i r a t o r y  r a t e ,  bu t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between pre- 
and post-bed rest v a l u e s  f o r  these parameters ,  o r  f o r  oxygen i n t a k e  and RQ. 
i n  exaa in ing  t h e  e f f e c t s  o f  3 weeks bed rest (bo th  wi th  and wi thout  e x e r c i s e ) ,  found a 
r educ t ion  i n  oxygen i n t a k e  and a r i s e  i n  pulmonary v e n t i l a t i o n  and r e s p i r a t o r y  r a t e  a t  
HR o f  160 on a b i c y c l e  ergometer t es t  a f t e r  bed r e s t  a lone .  
r e s u l t e d  i n  a lower ing  o f  oxygen i n t a k e  i n  one  group wi th  a r ise i n  t he  o t h e r .  
v e n t i l a t i o n  fo l lowed a similar p a t t e r n ,  but t h e  r e s p i r a t o r y  r a t e  was unchanged i n  both 
groups of e x e r c i s e r s .  

Cardus g .  

Cardus (1966). 

Exercise d u r i n g  bed rest 
Pulmonary 

I n  t h e  p re sen t  s tudy ,  o t h e r  t han  h e a r t  r a t e ,  there was no d i f f e r e n c e  between t h e  
e x e r c i s e  and c o n t r o l  groups i n  t h e  p s t t e r n  o f  sub-maximal e x e r c i s e  r e s p i r a t o r y  response .  
Hence, t h e r e  was no i n d i c a t i o n  t h a t  t h e  sup ine  e x e r c i s e  t r a i n i n g  regimen d u r i n g  bed rest 
had any measurable  e f f e c t  on t h e  s u b j e c t s ’  sub-maximal oxygen i n t a k e ,  pulmonary v e n t i l a t i o n ,  
r e s p i r a t o r y  r a t e ,  true oxygen pe rcen t ,  and RQ. However, t h e  r ise i n  R Q  observed i n  both 
groups i s  i n  agreement wi th  t h e  accep ted  p r i n c i p l e  t h a t  a s  phys i ca l  work becomes more 
s t r enuous  t h e  RQ i n  work i n c r e a s e s .  Conversely,  t h e  lowered pulmonary v e n t i l a t i o n  and 
r e s p i r a t o r y  ra te ,  and t h e  h i g h e r  t rue  0 2  a r e  i n  t h e  same d i r e c t i o n  o f  t h e  normal phys i ca l  
t r a i n i n g  effect. I t  i s  f e l t  t h a t  the observed  e x e r c i s e  r e s p i r a t o r y  changes a r e  wi th in  
t h e  range of measurement e r r o r  and o f  i n s u f f i c i e n t  magnitude t o  i n d i c a t e  a p o s i t i v e  
t r a i n i n g  e f f e c t  f o r  e i t h e r  group. However, i t  should be poin ted  o u t  t h a t  recovery  h e a r t  
r a t e  and r e s p i r a t o r y  metabolism measures were not secured  i n  t h i s  s tudy ,  and hence, the  
p o s s i b i l i t y  o f  i n c r e a s e d  anae rob ic  metabolism f o r  t h e  s t anda rd  work t a s k  w i t h  bed rest 
f o r  one o r  bo th  groups ,  can not be  r u l e d  o u t .  Also,  maximal oxygen i n t a k e  measurement 
a f t e r  bed rest would have a ided  i n  p r e s e n t i n g  a more complete p i c t u r c  n f  whether there 
was c i r c u l a t o r y - r e s p i r a t o r y  decond i t ion ing  f o r  ei ther o r  both groups.  
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PART V 

SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR FUTURE STUDY 

Summary 

A 27 day experiment was des igned  t o  s tudy  t h e  e f f e c t s  o f  9 days  o f  recumbency on 

An e f f o r t  was made t o  e x p l o r e  t h e  mechanisms o f  
t h e  phys io log ica l  systems r e l a t e d  t o  t h e  r e d i s t r i b u t i o n  o f  body f l u i d s ,  r e n a l  f u n c t i o n ,  
e l e c t r o l y t e  exchange, and metabolism. 
t h e  pa thophys io log ic  changes o f  these systems which a r e  seen i n  recumbency, r e l a t e  them 
t o  we igh t l e s sness ,  and t o  p r e d i c t  t h e  e f f i c a c y  o f  t he  procedures  employed f o r  f u t u r e  
a p p l i c a t i o n  t o  space  f l i g h t .  The r o l e  o f  s t anda rd ized  dynamic bou t s  o f  e x e r c i s e  was 
s t u d i e d  f o r  i t s  e f f e c t s  i n  a t t e n u a t i n g  t h e  a l t e r a t i o n s  o f  t h e  a f f e c t e d  phys io log ica l  
systems d u r i n g  bed rest. 

Ten days  o f  e q u i l i b r a t i o n  on a low r e s i d u e  d i e t  o f  c o n t r o l l e d  wa te r ,  e l e c t r o l y t e ,  
and c a l o r i c  con ten t  preceded t h e  9 days  o f  recumbency. During the  bed rest pe r iod ,  f o u r  
young a d u l t  males rode  on a b i c y c l e  ergometer i n  t h e  supine  p o s i t i o n  twice d a i l y  f o r  30 
m i n ,  wh i l e  f o u r  o t h e r  young a d u l t  male s u b j e c t s  remained i n a c t i v e .  P o s i t i o n  and a c t i v i t y  
were main ta ined  d u r i n g  t h e  bed rest pe r iod .  A 7 day ambulatory recovery  pe r iod ,  i n  which 
pre-bed rest a c t i v i t y  p a t t e r n s  were resumed, w i t h  ad l i b i t u m  d i e t a r y  i n t a k e  (bu t  recorded  
by each s u b j e c t ) ,  followed bed rest. Measurements taken  du r ing  the  10 day e q u i l i b r a t i o n  
pe r iod  s:*rved a s  b a s e l i n e  comparisons f o r  t h o s e  taken  du r ing  bed rest and recovery.  

Dai ly  measurement o f  wa te r  exchange r evea led  a s l i g h t  d i u r e s i s  du r ing  bed res t ,  wi th  
t h e  e x e r c i s e  group demonst ra t ing  a much s m a l l e r  i n c r e a s e  i n  u r i n a r y  ou tpu t  than  t h e  c o n t r o l  
group (10 m l  and 100 ml/day, r e s p e c t i v e l y ) .  
o f  wa te r  ba lance ,  a s  t h e  e x t r a  r e n a l  changes i n  wa te r  e x c r e t i o n  were matched by changes 
i n  f l u i d  i n t a k e .  
o f  r ecove ry ,  whereas t h e  c o n t r o l  group d i d  not r ega in  p o s i t i v e  ba lance  m t i l  t h e  t h i r d  day 
o f  recovery .  
t he  day ,  a s  n igh t  wa te r  exchanges remained unchanged du r ing  bed rest. 

Ur inary  va lues  were cons idered  r e p r e s e n t a t i v e  

The exercise group r e t u r n e d  t o  p o s i t i v e  wa te r  ba lance  on t h e  f i r s t  day 

I t  was observed  t h a t  wa te r  l o s s  was an a c t i v e  p rocess  o c c u r r i n g  only  d u r i n g  
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The e x e r c i s e  g roup ' s  plasma volume ( P V )  decreased by 6 percent during bed res t ;  
but returned t o  i t s  base l ine  l e v e l  a t  the end of  bed rest, and remained near  t h i s  l e v e l  
throughout recovery. T h e  con t ro l  group 's  PV was depressed by 11 percent midway through 
bed rest ,  remained decreased u n t i l  t h e  end o f  bed rest ,  but returned t o  t h e  base l ine  
l e v e l  a f t e r  one day o f  ambulatory recovery. Renal plasma flow (RPF) remained unchanged 
i n  the e x e r c i s e  group during bed res t ,  w h i l e  t h e  con t ro l  group 's  RPF r o s e  slowly t o  
200 m l / m i n  h igher  than base l ine  l e v e l s .  
R?F was s t i l l  e l eva ted  100 m l / m i n  above the i r  pre-bed rest value.  

After  7 days of  ambulatory a c t i v i t y ,  t h e  c o n t r o l s '  

Analysis of  e l e c t r o l y t e  metabolism revealed a balance of  -122 mEq o f  sodium, -57 mEq 
of  potassium, and -131 mEq of  c h l o r i d e  i n  t h e  e x e r c i s e  group, and -140 mEq o f  sodium, 
-152 mEq of  potassium, and -271 mEq of  c h l o r i d e  i n  the con t ro l  group. The l o s s  of  body 
f l u i d s  and e l e c t r o l y t e s  i n  t h e  e x e r c i s e  group was nea r ly  i s o t o n i c ,  w h i l e  i n  t h e  con t ro l  
group, there was a l a r g e r  l o s s  of  free water than s o l u t e s ,  r e s u l t i n g  i n  a s l i g h t l y  hyper- 
t o n i c  con t r ac t ion  o f  t h e  body f l u i d  compartments. 
during bed rest ,  and a near ly  i s o t o n i c  f l u i d  l o s s ,  i t  was assumed t h a t  plasma e l e c t r o l y t e  
concen t r a t ions  represent t o t a l  e x t r a c e l l u l a r  f l u i d  (ECF) e l e c t r o l y t e  content .  
ECF e l e c t r o l y t e  con ten t ,  i t  ,was shown t h a t  t h e  negat ive balances of  measured e l e c t r o l y t e s  
r e f l e c t e d  their  r e l e a s e  from body reserves .  

Wi th  no apparent p o s i t i v e  water balance 

By comparing 

Analysis of  s tandard c a l c u l a t i o n s  r ep resen t ing  renal  r egu la t ion  of  sodium and 
potassium revealed t h a t  the l o s s  o f  both was not r e l a t e d  t o  GFR or sodium-potassium r a t i o s ,  
al though the r e t e n t i o n  of sodium was c l e a r l y  r e l a t e d  t o  a depressed GFR and sodium-potassium 
r a t i o  during recovery. 
r e spons ib l e  f o r  the observed nega t ive  balances during bed rest. 

I t  was concluded t h a t  mechanisms o t h e r  than those  analyzed a r e  

I n  the present  study, t h e  c o n t r o l s  demonstrated a r a t h e r  s teady and more c l e a r l y  
def ined drop i n  basal  oxygen consumption than t h e  e x e r c i s e r s  w i t h  bed rest. 
showed no s i g n i f i c a n t  change i n  t h e  basa l  hea r t  r a t e  a s  a result of bed rest. 
con t r a ry  t o  results of  previous s t u d i e s ,  showed a d i s t i n c t  drop i n  basal  hea r t  r a t e  during 
much of  bed rest ,  w i t h  an immediate inc rease  evidenced a f t e r  t he  f i r s t  day of recovery. 

The e x e r c i s e r s  
The c o n t r o l s ,  

Both groups l o s t  lean body mass (LBII) during bed rest ,  w i t h  t h a t  of  t h e  non-exercising 
There was c o n t r o l s  amounting t o  approxima'ely three times t h a t  observed i n  the exe rc i se r s .  

evidence of  a s l i g h t  gain i n  f a t  i n  both groups a s  measured by underwater immersion, although 
sk in fo ld  measurements yielded c o n f l i c t i n g  results. S t r eng th  r e s u l t s  were equivocal ,  a s  
t h e  e x e r c i s e r s  showed no change w i t h  bed rest i n  g r i p  and knee extension s t r e n g t h ,  w h i l e  
t h e  c o n t r o l s  demonstrated an i n c r e a s e  i n  g r i p  s t r e n g t h  and a l o s s  i n  knee extension s t r eng th .  
Both groups increased i n  p l a n t a r  f l ex ion  s t r e n g t h  throughout t h e  experiment, i n d i c a t i n g  a 
p o s s i b l e  " learning" e f f e c t .  
bed rest ,  w h i l e  the c o n t r o l s  showed a dec rease  of  4 percent. 

The v i t a l  capac i ty  of  t h e  e x e r c i s e r s  remained unchanged a f t e r  

The physiological  response t o  e x e r c i s e  was determined from measurements of  r ena l  
func t ion ,  e l e c t r o l y t e  exc re t ion ,  and r e s p i r a t o r y  metabolism. No change i n  RPF was noted 
i n  the e x e r c i s e r s .  However, a f t e r  1 day of  recovery,  t h e  c o n t r o l s  had a r e s t i n g  l e v e l  of 
250 m l / m i n  h igher  than their pre-bed rest value,  and a depressed r e s t i n g  RPF during e x e r c i s e  
of 15 percent g r e a t e r  than base l ine  values.  Nevertheless ,  t h e  actual  va lue  of  t h i s  e x e r c i s e  
c l ea rance  was higher  than t h e  pre-bed rest value,  i n d i c a t i n g  a reduced capaci ty  t o  dec rease  
RPF during exe rc i se .  
changes i n  PV i n  t h e  e x e r c i s e  group, i n  t h a t  exc re t ion  was depressed t o  t h e  g r e a t e s t  ex ten t  
when PV was lowest,  whereas t h e  con t ro l  group showed a r e l a t i o n s h i p  between depression of  
both RPF and sodium and c h l o r i d e  excret ion.  
e x e r c i s e  bout ,  suggest ing i t s  r e l a t i o n s h i p  t o  sodium r e t e n t i o n ,  which occurred uniformly 
during exe rc i se .  

Sodium and c h l o r i d e  exc re t ion  p a t t e r n s  du r ing  e x e r c i s e  reflected 

Potassium exc re t ion  was increased during t h e  

Decreased t o l e r a n c e  f o r  physical  e x e r c i s e  a s  a result of  bed rest was evidenced by 
an i n c r e a s e  i n  e x e r c i s e  hea r t  r a t e  i n  con t ro l s .  The e x e r c i s e  group d i d  not demonstrate 
any evidence of  c i r c u l a t o r y - r e s p i r a t o r y  decondi t ioning,  a s  their  e x e r c i s e  hear t  r a t e s  
remained e s s e n t i a l l y  t h e  same throughout bed r e s t ,  w h i l e  their  r e s p i r a t o r y  metabolism 
response showed a s l i g h t  change i n  t h e  d i r e c t i o n  of  t h e  normally observed physical  t r a i n i n g  
e f f e c t .  
rest. 

The c o n t r o l s  exh ib i t ed  a s i m i l a r  e x e r c i s e  r e s p i r a t o r y  metabolism response t o  bed 
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Conclusions -- 
An experiment des igned  t o  s tudy  t h e  e f f e c t s  o f  we igh t l e s sness  i n  an earthbound 

l a b o r a t o r y  i s  inadequate  i n  some r e s p e c t s .  I n  t h e  p re sen t  s tudy ,  and i n  many previous  
i n v e s t i g a t i o n s ,  bed rest has r e s u l t e d  i n  a n e g a t i v e  water  ba l ance  o f  sma l l e r  magnitude 
than  t h a t  which occur s  i n  a s t r o n a u t s  du r ing  space  f l i g h t s  (Webb, 1967). 
recumbency i s  maximal wi th in  s e v e r a l  days  and t h e  p rocess  o f  e l e c t r o l y t e  l o s s  and PV 
c o n t r a c t i o n  seems t o  be somewhat a r r e s t e d  i n  an equal  amount o f  time, a s  s t u d i e s  o f  bed 
rest of  up t o  f o u r  weeks d u r a t i o n  have not r evea led  s i g n i f i c a n t l y  d i f f e r e n t  results from 
s t u d i e s  l a s t i n g  on ly  one week. The re fo re ,  i t  i s  not p 3 s s i b l e  t o  s p e c u l a t e  on t h e  e x t e n t  
t o  which t h e  o b s e r v a t i o n s  made i n  t h e  p re sen t  experiment r e p r e s e n t  t h e  q u a n t i t a t i v e  changes 
w h i c h  occu r  i n  space.  However, inasmuch a s  t he  phys io log ica l  e f f e c t s  o f  we igh t l e s sness  
bea r  many resemblances (IlicCally and Lawton, 19631, a q u a l i t a t i v e  a n a l y s i s  o f  t h e  mechanisms 
by which the  a l t e r a t i o n  o f  phys io logy  occur s  du r ing  bed rest appears  t o  be  well j u s t i f i e d .  

The d i u r e s i s  o f  

The resul ts  o f  t h e  p re sen t  and p rev ious  s t u d i e s  sugges t  t h a t  t h e  d i u r e s i s  o f  recumbency 
i s  p r i m a r i l y  mediated by t h e  l o s s  o f  s o l u t e s ,  wi th  sodium appea r ing  t o  be  t h e  main component 
i n i t i a t i n g  the  d i u r e s i s  i n  t h e  f i r s t  48 hours.  The l o s s  o v e r  two days  i s  very  s i m i l a r  t o  
t h e  p a t t e r n  o f  a recumbency d i u r e s i s  l a s t i n g  on ly  a few hours.  
water  and e l e c t r o l y t e s  a f t e r  48 hours i s  i n s i d i o u s ,  w i t h  potassium and c h l o r i d e  l o s s e s  
i n c r e a s i n g  i n  p ropor t ion  t o  sodiun. As a n e g a t i v e  e l e c t r o l y t e  ba l ance  develops ,  t h e  body 
f l u i d  t o n i c i t y  dec reases  wi th  a g r e a t e r  c a p a c i t y  t h e r e a f t e r  t o  l o s e  water when l a r g e  quan- 
t i t i e s  a r e  inges t ed .  Once t h i s  s t a g e  has  been reached ,  t h e  immediate e f f e c t s  o f  e x e r c i s e  
do not a l t e r  d i u r e s i s ,  a l though g r a v i t a t i o n a l  s t i m u l i  do r e v e r s e  t h e  wa te r  l o s s .  I n  t h e  
p re sen t  s tudy ,  t h e  e x e r c i s e  g roup ' s  u r i n a r y  ou tpu t  du r ing  bed rest i n d i c a t e s  t h a t  a pro- 
grammed regimen o f  moderate e x e r c i s e  du r ing  bed rest can a t t e n u a t e  (bu t  not r e v e r s e )  t h e  
l o s s  o f  e l e c t r o l y t e s  and water.  I n  a d d i t i o n ,  t h e  l o s s  i s  n o r e  nea r ly  i s o t o n i c ,  whereas 
t h e  body f l u i d  l o s s e s  o f  t h e  c o n t r o l  s u b j e c t s  c o n s i s t e d  o f  more f r e e  wa te r  than  s o l u t e  
l o s s ,  which i n d i c a t e s  a g r e a t e r  dep res s ion  o f  a n t i d i u r e t i c  than  a n t i n a t r i u r e t i c  mechanisms 
i n  non-ac t ive  recumbency. 

The n e g a t i v e  ba lance  o f  

The e f f e c t  o f  e x e r c i s e  on a n t i d i u r e t i c  mechanisms i s  open t o  ques t ion .  A recent 
s tudy  by Kozlowski et a l .  (1968) showed t h a t  ADH a c t i v i t y  was not i nc reased  du r ing  sup ine  
e x e r c i s e  and sugges ted  t h a t  t h i s  i s  a result  o f  i n s u f f i c i e n t  pool ing  o f  blood i n  t h e  l e g s  
t o  s t i m u l a t e  t h e  Henry-Gauer r e f l e x .  I n  t h e  p re sen t  s tudy ,  no  dep res s ion  o f  a water  
d i u r e s i s  was observed du r ing  sup ine  e x e r c i s e .  However, i n  view o f  t h e  dep res s ion  o f  RPF, 
inc reased  s t r o k e  volume, and inc reased  c a r d i a c  ou tpu t  i n  s u p i n e  e x e r c i s e  observed by Grimby 
(19651, t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e  c e n t r a l  blood volume i s  s h i f t e d  t o  t h e  e x e r c i s i n g  
e x t r e m i t i e s .  I t  appea r s ,  t h e n ,  t h a t  t h e  s h i f t  o f  blood t o  t h e  e x t r e m i t i e s  does  not pool 
i n  t h e  low p r e s s u r e  s i d e  enough t o  cause  ADH s e c r e t i o n .  T h i s  r a i s e s  t h e  ques t ion  (which 
can not be answered by r e s u l t s  o f  t h e  p re sen t  s t u d y )  o f  whether e x e r c i s e  e f f e c t s  an 
a t t e n u a t i o n  o f  both wa te r  and s o l u t e  l o s s .  

I n  P a r t  I V ,  a s h o r t  rev iew o f  r e n a l  hemodynamics r evea led  s e v e r a l  p o s s i b l e  mechanisms 
t h a t  could be  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  RPF o f  t h e  c o n t r o l s  du r ing  bed rest. 
r e l a x a t i o n  o f  nervous t o n e  t o  t h e  r e n a l  a r t e r i o l e s  appea r s  t o  be  t h e  most p l a u s i b l e  explan- 
a t i o n  f o r  t h i s  phenomenon. I n  effect ,  t h e  immobile, recumbent s t a t e  can be  l i kened  t o  
r e n a l  d e n e r v a t i o n ,  i n  t h a t  no r e f l e x  s t i m u l a t i o n  o f  t h e  c i r c u l a t o r y  system occurs .  The 
vasoao to r  t o n e  could conce ivably  become re l axed  i n  such a s i t u a t i o n  (Tobian, 1967). 
T h i s  r e l a x a t i o n  can be  c o n t r a s t e d  t o  t h e  s t a t e  o f  t he  e x e r c i s e r s ,  who twice d a i l y  under- 
w e n t  a c o n d i t i o n  t h a t  reduced RPF i n  a manner i d e n t i c a l  t o  t h a t  which occur s  i n  t he  change 
from sup ine  t o  u p r i g h t  p o s t u r e  i n  t h e  p re sence  o f  g r a v i t y .  

The 

I t  i s  d i f f i c u l t  t o  re la te  t h e  changes o f  r e s t i n g  RPF i n  the  c o n t r o l s  t o  e l e c t r o l y t e  
metabolism d u r i n g  bed rest .  The most s t r i k i n g  changes i n  sodium and c h l o r i d e  ba lances  
occurred  well b e f o r e  t h e  e l e v a t e d  RPF was appa ren t ,  wh i l e  potassium l o s s e s  reached a peak 
f o u r  days  b e f o r e  t h e  peak e l e v a t i o n  o f  RPF. However, there ;Nas a r e l a t i o n s h i p  o f  r e n a l  
c i r c u l a t i o n  and e l e c t r o l y t e s  i n  t h e  c o n t r o l s  du r ing  t h e  s i n g l e  bout o f  e x e r c i s e  they  per- 
formed s h o r t l y  a f t e r  bed rest. I n  a d d i t i o n ,  t r e n d s  o f  sodium and potassium e x c r e t i o n  i n  
both groups d u r i n g  e x e r c i s e  r evea led  a p a t t e r n  s u g g e s t i v e  o f  an a s s o c i a t i o n  between r e n a l  
c i r c u l a t i o n ,  PV, and t h e  e x t e n t  o f  e l e c t r o l y t e  e x c r e t i o n  o r  r e t e n t i o n .  These  r e l a t i o n s h i p s  
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might be ev iden t  on ly  du r ing  e x e r c i s e  and ,hence ,  would not r ep resen t  t h e  complete p a t t e r n  
over  24 hours.  An a l t e r n a t e  p o s s i b i l i t y  i s  t h a t  t h e y  might be dependent on t h e  c i r c u l a t o r y  
r e f l e x e s  w h i c h  occu r  on ly  d u r i n g  a c u t e  changes i n  t he  c e n t r a l  blood volume. T h i s  would 
exp la in  t he  l a c k  o f  response  i n  t h e  c o n t r o l s  t o  a reduced PV which occurred  ove r  a f i v e  
day pe r iod ,  a s  opp3sed t o  t h e  a c u t e  r educ t ion  o f  central blood volume which occur s  dur ing  
e x e r c i s e .  I t  i s  concluded t h a t  no d e f i n i t e  r e l a t i o n s h i p  between the inc reased  RPF and 
the  e l e c t r o l y t e  imbalances can be made. However, t h e  i m p l i c a t i o n s  o f  an inc reased  blood 
supply and a decreased  c a p a c i t y  t o  respond t o  e x e r c i s e  a r e  s t r o n g l y  s u g g e s t i v e  o f  a 
decond i t ion ing  o f  t h e  heinodynamic c o n t r o l  o f  t h e  kidney, which could  e a s i l y  l e a d  t o  
f u r t h e r  d i s o r d e r s  i n  e l e c t r o l y t e  metabolism due  t o  t h e  c l o s e  phys io log ica l  a s s o c i a t i o n  o f  
t h e s e  two systems. 

The e t i o l o g y  o f  t h e  n e g a t i v e  e l e c t r o l y t e  ba l ances  i n  t h e  p re sen t  i n v e s t i g a t i o n  has 
been a t t r i b u t e d  t o  t h e  i n i t i a l  and s u b s t a n t i a l  n a t r i u r e s i s  which occurred  du r ing  t h e  
f i r s t  24 hours  o f  bed rest. The l o s s  o f  c h l o r i d e  d u r i n g  t h a t  per iod  was e s s e n t i a l l y  
equal  t o  sodium. T h e r e a f t e r ,  c h l o r i d e  l o s s e s  were much g r e a t e r  than  sodium l o s s e s ,  
i n d i c a t i n g  t h a t  t h e  l a t t e r  was be ing  reabsorbed i n  t h e  kidney w i t h  some o t h e r  anion. I n  
a d d i t i o n ,  sodium and c h l o r i d e  ba l ances  s u b s t a n t i a t e  t h e  con ten t ion  t h a t  sodium was assoc-  
i a t e d  with ano the r  anion i n  t h e  ECF. Bicarbonate  seems t o  be  the  most l i k e l y  anion a v a i l -  
a b l e  i n  such a s i t u a t i o n .  The o r i g i n  o f  t h i s  e l e c t r o l y t e  can be r e l a t e d  t o  t h e  r e l e a s e  o f  
sodium from bone r e s e r v e s ,  i n  t h a t  Loebeck and Forbes (1958) showed a r e l e a s e  o f  23 percent  
sodium and 18 percent  ca rbona te  from t h e  bone du r ing  sodium mobi l i za t ion .  
o f  ca rbona te  t o  t h e  ECF would t h e n  account f o r  t h e  inc reased  b i ca rbona te ,  and i n  a d d i t i o n ,  
would sugges t  t h a t  t h e  dep res sed  t i t r a t a b l e  a c i d i t y  o f  t h e  con t ro l s  r ep resen ted  a compen- 
s a t o r y  r e t e n t i o n  o f  hydrion. Or, conver se ly ,  t h e  r e t e n t i o n  o f  hydrion a s  a result of  
i nc reased  sodium e x c r e t i o n  and dec reased  exchange, a s  sugges ted  by Thomas (19571, could  
c o n t r i b u t e  t o  wards t h e  f o rmat ion  o f  b i  carbon a t  e from carbo n a t  e. 

The a d d i t i o n  

As long  a s  t h e  c a l o r i c  c o n t e n t  o f  t h e  d i e t  i s  ad jus t ed  t o  t h e  decreased  a c t i v i t y  
l e v e l  d i c t a t e d  by bed res t ,  no a p p r e c i a b l e  ga in  i n  body weight due  t o  f a t  accumulation w i l l  
result o v e r  p e r i o d s  o f  s e v e r a l  weeks o r  l onge r .  
muscle a t rophy  i s  q u i t e  n o t i c e a b l e  w i t h i n  s e v e r a l  weeks. 
a smal l  amount o f  LBM was l o s t  i n  t h e  e x e r c i s e  group, wi th  t h e  non-exerc is ing  c o n t r o l s  
l o s i n g  a2proximately t h r e e  times a s  much. I n  a d d i t i o n ,  no s i g n i f i c a n t  l o s s  i n  l imb g i r t h s  
was observed i n  t h e  e x e r c i s e r s .  Hence, i t  would appear  t h a t  t h e  sup ine  e x e r c i s e  regimen 
u t i l i z e d  i n  t h i s  s tudy  i s  o f  s u f f i c i e n t  i n t e n s i t y  t o  r e t a r d  s i g n i f i c a n t  l o s s e s  i n  LaM. 
I t  i s  concluded t h a t  t h e  use o f  s k i n f o l d  c a l i p e r s  t o  i n d i c a t e  changes i n  body composition 
under similar c o n d i t i o n s  i s  unadvisable .  

However, w i th  d r a s t i c a l l y  c u r t a i l e d  a c t i v i t y ,  
I n  t he  p resen t  i n v e s t i g a t i o n ,  

I t  has been observed i n  p rev ious  s t u d i e s  t h a t  prolonged bed rest results i n  c i r c u l a t o r y  
decond i t ion ing ,  a s  evidenced by an inc reased  h e a r t  r a t e  r e sponse  t o  a s t a n d a r d ,  submaximal 
work t a s k .  I n  t h e  p re sen t  i n v e s t i g a t i o n ,  t h e  c o n t r o l s  demonstrated an i n c r e a s e  i n  h e a r t  
r a t e  r e sponse  t o  e x e r c i s e ,  which was not seen i n  t h e  e x e r c i s e r s .  Both groups showed 
on ly  s l i g h t  changes i n  r e s p i r a t o r y  metabolism measures,  but i n  t h e  d i r e c t i o n  o f  t h e  normal 
phys i ca l  t r a i n i n g  effect. It  i s  f e l t  t h a t  t h e  observed e x e r c i s e  r e s p i r a t o r y  changes a r e  
w i t h i n  t h e  r ange  o f  measurement e r r o r  and o f  i n s u f f i c i e n t  magnitude t o  i n d i c a t e  a p o s i t i v e  
t r a i n i n g  e f f e c t .  

The comparison o f  t h e  lower  body n e g a t i v e  p r e s s u r e  (LBNP) t o  sup ine  e x e r c i s e  i n  t h e  
c h r o n i c  and a c u t e  forms has  shown t h a t  t h e s e  two procedures  have s i m i l a r  e f f e c t s  on 
c i r c u l a t o r y  f u n c t i o n  ( G i l b e r t  e t  a l . ,  1966; Stevens  et  a l . ,  19661, a l though t h e  reason i s  
no t  r e a d i l y  apparent .  
would seem t o  be mainly r e l a t e d  t o  t h e  low p r e s s u r e  s i d e  o f  t h e  c i r c u l a t i o n ,  w i t h  an 
i n c r e a s e  i n  t h e  capac i t ance  o f  t h e  lower body venous system, On t h e  o t h e r  hand, supine  
e x e r c i s e  would seem t o  invo lve  t h e  h i g h e r  p r e s s u r e  s i d e  ( a r t e r i a l  c i r c u l a t i o n )  w i t h  
i nc reased  blood f low t o  t h e  extremities and l i t t l e  change i n  t h e  c a p a c i t a n c e  o f  t h e  
venous system. Herlry and Gauer p 3 s t u l a t e d  t h a t  each c o n d i t i o n  invo lves  d i f f e r e n t  
r e c e p t o r s  f o r  volume, w i th  t h e  primary b a r o r e c e p t o r  i n  t h e  c a p a c i t a n c e  s i d e  o f  t h e  
c i r c u l a t i o n  e f f e c t i n g  ADH s e c r e t i o n ,  
s a l t  r e t a i n i n g  mechanisms. 
i n c r e a s e  o f  ADH d u r i n g  LBYP, and t h e  r e p o r t  o f  Cas t en fo r s  (1967~) g i v e s  some suppor t  t o  

According t o  t h e  c l a s s i f i c a t i o n  o f  Gauer and Henry (1953). LBNP 

and t h e  h igh  p r e s s u r e  o r  r e s i s t a n c e  s i d e  e f f e c t i n g  
The recent r e p o r t  by Rogge and Moore (196'3) conf i rms  t h e  

164 



t h e  p o s s i b i l i t y  o f  m i n e r a l o c o r t i c o i d  r e l e a s e  du r ing  sup ine  e x e r c i s e .  However, i n  view of 
the  p o s s i b i l i t y  o f  two d i f f e r e n t  mechanisms i n  LBYP and sup ine  e x e r c i s e ,  t h e  s i m i l a r i t y  
o f  r e n a l  f u n c t i o n ,  e l e c t r o l y t e ,  and wa te r  e x c r e t i o n  i n  both procedures  sugges t s  t h a t  
there might be an ove r l app ing  o f  s t i m u l i  t o  t h e  low and h igh  p r e s s u r e  s i d e s  o f  t h e  c i r c u -  
l a t o r y  systems. The e f f e c t  o f  LBUP OYI r e n a l  func t ion  du r ing  ch ron ic  a p p l i c a t i o n  would 
s e r v e  t o  exp la in  t he  degree  t o  which i t  resembles e x e r c i s e  i n  t h i s  r e s p e c t .  

Suggest i ons  f o g  Fu tu re  Research 

The e f f e c t  o f  LBNP needs t o  be examined f u r t h e r  t o  a s c e r t a i n  i f  i t  can be  used a s  a 
c a r d i o v a s c u l a r  system na in t enance  procedure  du r ing  space  f l i g h t .  
on r e n a l  c i r c u l a t i o n ,  and on e l e c t r o l y t e  metabolism would c l a r i f y  t h e  e f f i c a c y  o f  t h i s  
procedure  i n  t h e  maintenance o f  wa te r  ba l ance  and e l e c t r o l y t e  exchange. 
e f f e c t  o f  a regimen o f  e i ther  c h r o n i c  LBMP o r  s h o r t  bou t s  o f  moderate o r  s e v e r e  d a i l y  
e x e r c i s e  would s e r v e  t o  d e a o n s t r a t e  i f ,  indeed ,  t h e  l a t t e r  procedure i s  necessary  f o r  
c i r c u l a t o r y  f u n c t i o n  maintenance. Although e x e r c i s e  has  not been shown t o  prevent o r th3 -  
s t a t i c  hypotens ion ,  i t  has been shown t o  prevent  t h e  degene ra t ion  o f  c i r c u l a t o r y - r e s p i r a t o r y  
func t ion  i n  bed rest o f  7 t o  21 days.  Hence, examination o f  t h e  e f f e c t s  o f  LBVP and 
moderate t o  s e v e r e  e x e r c i s e  ove r  l o n g e r  pe r iods  o f  time would appear  t o  be an a p p r o p r i a t e  
avenue f o r  f u t u r e  i n v e s t i g a t i o n .  In  a recent review, H a t t n e r  and PllcMillan (1968) have 
d i scussed  the n e c e s s i t y  o f  weight bea r ing  i n  t h e  maintenance o f  s k e l e t a l  composition. 
Brannon, Rockwood, and P o t t s  (1963) have i n d i c a t e d  t h a t  d a i l y  e x e r c i s e  du r ing  prolonged 
p e r i o d s  o f  bed rest (up  t o  60 days )  can g r e a t l y  c u r t a i l  l o s s  o f  musculo-ske le ta l  func t ion .  
Hence, the  examination o f  a p p r o p r i a t e  e x e r c i s e  regimens t o  s a t i s f y  t h i s  c r i t e r i a  would 
seem t o  be i n  o r d e r ,  

A s tudy  o f  i t s  e f f e c t  

I n  a d d i t i o n ,  t h e  

The n a t u r e  o f  t h e  e l e c t r o l y t e  imbalances,  a s  d e l i n e a t e d  i n  t h e  p re sen t  s tudy ,  needs 
t o  be more thoroughly  i n v e s t i g a t e d .  I f  the l o s s  o f  wa te r  is  secondary t o  t h e  loss o f  
s o l u t e s ,  t he  problem should be examined Nith r e s p e c t  t o  t h e  e t i o l o g y  o f  t h e  e l e c t r o l y t e  
l o s s .  Direct measurement o f  exchangable sodium and potassium throughout pe r iods  o f  bed 
rest ( o r  o t h e r  ana logs  of w e i g h t l e s s n e s s )  and b e f o r e  and a f t e r  space  f l i g h t s ,  would c l a r i f y  

, t h e  n a t u r e  o f  t h e  n a t r i u r e s i s  observed  i n  s e v e r a l  bed rest  s t u d i e s .  P r e s e n t l y  i t  i s  unknown 
i f  such a n a t r i u r e s i s  a l s o  o c c u r s  du r ing  we igh t l e s sness .  Although Lynch, Jensen and Stevens  
(1967) observed  a s l i g h t  r i se  i n  plasma pH dur ing  bed res t ,  t o  t h e  b e s t  o f  o u r  knowledge 
the  b i ca rbona te -ch lo r ide  r a t i o  has  not been s t u d i e d  i n  r ega rd  t o  t he  above cond i t ions .  
I f  an inc reased  serum b i c a r b o n a t e  c o n c e n t r a t i o n  occur s  du r ing  bed rest ,  i t  would i n d i c a t e  
t h a t  the  p resence  o f  an acid-base imbalance may be r e l a t e d  t o  t h e  l o s s  o f  o t h e r  e l e c t r o l y t e s .  

A t  p r e s e n t ,  t h e r e  have been no i n d i c a t i o n s  t h a t  r e n a l  func t ion  has been measured 
fo l lowing  space  f l i g h t s .  
t h e  c a r d i a c  ou tpu t  a v a i l a b l e  f o r  d e l i v e r y  t o  t h e  c e n t r a l  c i r c u l a t i o n  du r ing  s i t u a t i o n s  of  
c a r d i o v a s c u l a r  c h a l l e n g e  (Grimby, 19651, i t  would seem impor tan t  t o  a s c e r t a i n  whether 
r ena l -vascu la r  decond i t ion ing  occur s  du r ing  space  f l i g h t s .  I n  a d d i t i o n ,  t h e  i m p l i c a t i o n s  
o f  such decond i t ion ing  should be  examined wi th  r e s p e c t  t o  e l e c t r o l y t e  metabolism. 

Inasmuch a s  t h e  r e n a l  blood f low c o n t a i n s  some 15 percent  o f  
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